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B£OOMMENI)ATION& 



The gjtAner ponion of this woric, while in mMmienpt^mm 
ined m part* by the seyeral geatlemen, whose opinions are exptsssed 
below. 

A Utter frtm Denistm Olmsted, LL.D,, Professor of Nature PkOestfkf 
and Astronomy in Yale College, to the amtkor, 

Mr Dear Sir, 

I hare perused the part of yotur manuscript of yam contemplated 
work on Meteorology, which you were so kind as to send me (embrfr* 
cin^f Parts I., II. and III.), and am much pleased with the manner in 
which yon hare treated these subjects; the selection of topics being 
in my view judicious, and the style luminous, and well adaptea to 
readers of every age, whether learned or unlearned. 

I should rejoice to see such a school-book as I think yours will be, 
iniroduoed into all our schools and academies. No natural science is 
more instructiye, more attractiye, and more practically useful Uian 
Meteorology, treated as you haye treated it, wnere the philosophical 
explanations of the yarious phenomena of the atmosphere are founded 
upon an extensiye induction of facts. This science is more particii- 
larly interesting to the youug, because it explains so many things that 
are daily occurring around mem, and it thus inspires a taste for philo- 
sophical obseryation, and what is more, for philosophical reasoning. 
If eyery part of the book is as well executed as that which I have reao, 
I think it cannot fail to be receiyed as a yalnable addition to our list 
of text-books. 



JfVom Benjamin SiUman, M.D., LL.D., Professor of Ckemsbry, Pkar* 

maey, «f«., in Yale College. 

i haye with pleasure perused those parts of Prof. Brocklesby's MSS. 
on Meteorology, which haye been sent to me, and am mucn pleased 
with his judicious selection and combination of the facts and philo- 
sophy of this subject. His style is perspicuous and attractiye, and 
I doubt not that this small yolume will be both useful to the learner, 
and acceptable to the adept, in the still progressiyc science of Meteo- 
rology. 



II RECOMMENDATIONS. 

Prom the Rev, T, H, Galiattdet and the Rev. HoraU Hooker ^ Authors 
of ike PradiUtU SpeUing-book, and of the Family and School Dic- 
tionary. 

Elaving examined, each of us, separate portions of Professor Brock- 
lesby's work on Meteorology, and become acquainted with its general 
design and plan, it appears to us worthy of beiog introduced into our 
higher schools and academies. The subject is one in which every 
intelligent mind should take an interest. It is of practical utility to 
all portions of the community, while most of the natural phenomena 
it presents are within the range of common observation. The style 
and execution of the work are most happily adapted to the use for 
which it was designed. 



From the Rev. Charles A. Goodrich, Author of the History- of the Uni- 
ted Stales, Family Encyclopedia, 4»c. 

I have examined portions of Prof. Brocklesby's work on Meteorol- 
ogy with pleasure and profit. The subject is one of great interest, 
arising from the man^ curious atmospheric phenomena of which it 
treats. The plan is simple and comprehensive ; the style clear and 
concise. The pupil is furnished with the means of explaining for 
himself many of the phenomena of nature of almost daily occurrence ; 
but which, without some aid, he might eiUier overlook or not under- 
stand. That the study of the work will contribute to enlarge the con- 
ceptions of the youthful mind of the wisdom and goodness of the 
Author of nature, and thus prove an incentive to reverence and love 
Him, must be obvious, it is believed, to every intelligent reader. 



Extract of a letter to the PvMishers from Dr. J, L. Comstock, AiUhor of a 
System of Natural Philosophy, Introduction to Mineralogy, Ekmenls 
of Chemistry, Introduction to Botany, Outlines of Geology, Outlines 
of Physiology, 4'C 

Prof. Brocklesby, of Trinity College, has submitted to my perusal 
a Treatise on Meteorology, written by himself, and with the arrange- 
ment and science of which i am much pleased. The Professor wishes 
to have his treatise published as a school-book, and considering the 
interest which the several subjects it embraces excites in the minds of 
all, both old and young, rich and poor, I see not why such a book, 
when once introduced, anould not have a large circulation. I see no 
reason why Meteorology, in many respects, has not as many claims 
as a school-book as Chemistry or Natural Philosophy. Indeed, 1 
should like to see Prof. B.'s book introduced into schools as a com 
panion of my Philosophy. 
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PREFACE. 



Meteorology is a subject of interest to alL We live 
in the very midst of its phenomena, and are constantly 
subjected to their influence. Many of the singular pro- 
cesses of nature which this science unfolds, are intimate- 
ly connected with our being and happiness, while others, 
on account of their beauty and sublimity, fill the mind 
with admiration and awe. 

The subject being one of universal interest, we might 
naturally suppose it to be universally understood ; but 
such is not the case. Meteorology, as a science, is of 
recent origin ; for it is only within the space of a very 
few years that it has risen, through the efforts of many 
gift^ minds, to the rank it deserves to hold amid the 
various departments of knowledge. 

Meteorology is a portion of Natural Philosophy, and 
in the colleges of our land, lectures upon this subject 
form a part of the regular academical course ; but no 
similar system prevails in our High Schools and Acade- 
mies. Nor is it to be expected ; since, with the present 
want of facilities for obtaining information, the teacher 
would be obliged to devote an undue share of his time 
to the acquisition of the knowledge requisite for this 
object. Neither can a text-iook be procured; for the 
author is not aware that any distinct treatise on this 
science is extant in the English language, except the 
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translation from the German of Kaemtz's '' Complete 
Course of Meteorology ;" a work which, though exceed- 
ingly valuable to the advanced student, is not suitable 
for a text-book on account of its size, expense, and mode 
of execution. 

The present little work has therefore been prepared, 
not with the view of adding one more to the long list of 
studies now pursued in our academical institutions ; but 
for the pmpose of bringing into general notice a rich but 
hitherto comparatively unknown field, within the do- 
mains of natural science. 

The author has therefore endeavored, while retaining 
all the important principles of Meteorolc^y, to condense 
the subject as much as possible, in order that this ele- 
mentary treatise may be studied in connection with Nat- 
ural Philosophy, without consuming too much time. 

In regard to facts, they have been sought wherever 
it was supposed they could be found, and reference has 
been made in. nearly all cases to the authorities whence 
they were taken. 

Should it be required a more extended treatise may be 
expected, adapted to the wants of students in colleges. 

Hartford, July 7th, 1848. 

REFERENCES. 

(C. 957), for example, denotes Comstock's Philosophy, Article 957, (last 

edition. 
(Alt. 132), for example, denotes Artide 132 of this work. 
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METEOROLOGY. 



1. Meteorology is that branch op natural 
science which treats of the atmosphere and 
ITS PHENOMENA. The subject may be properly divided 
into six parts. 

2. Part I. THE ATMOSPHERE. 

Part H. AERIAL PHENOMENA— comprcAcnrf- 
ing Winds in generaly Hurricanes^ Tornadoes^ and 
Waterspouts* 

Part IH. AaUEOUS PHENOMENA— incZt/rfing- 
itain^ FogSy Clouds, Dew, Hoar-frost and Snow, and 
Hail. 

Part IV. ELECTRICAL PHENOMENA— com- 
prising Atmospheric Electricily and Thunder-storms. 

Part V. OPTICAL PHENOMENA— incZwrfing' 
the Color of the Atmosphere and Clouds, Rainbow, 
Mirage, Coronas, and Haloes. 

Part VI. LUMINOUS PHENOMENA— cmira- 
dng Meteorites, Shooting Stars and Meteoric Showers; 
and the Aurora Boreolis. 



What is Meteorology ? 

Into how many parts is it divided 1 

Rehearse the several parts with their subjects. 



PART I. 



OF THE ATMOSPHERE. 

3. As the common properties of the air, viz., weighty 
fluidity and elasticity, are supposed to be already known, 
(C. 502,) we shall proceed at once to the discussion of 
the entire body of air, termed the atmosphere ; and first 
of its pressure, which is ascertained by the barometer j 
an instrument so called from the Greek words, baros, 
weight, and metron, measure. 

BAROMETER. 

4. This instrument is of the highest importance in 
Meteorology, and requires a minute description. It is 
thus constructed. Into a glass tube, about three feet 
in length, open at one end and closed at the other, mer- 
cury is poured until it is full ; the open end being now 
closed by the finger, or any other means, the tube is in- 
verted, and the lower end immersed in a vessel of mer- 
cury. When beneath the surface of the fluid the end 
is unstopped, and the column of mercury within the tube 
then settles dow^n, until its summit is about thirty inch- 
es above the level of that within the vessel. The space 
above the column in the tube is a void, and is called 
the Torricellian vacuum, from Torricelli, the name of 
the Italian philosopher, who first constructed this instru- 
ment. 

6. TTie column of mercury within the tube is sup^ 
ported above the level of that in the vessel, by the up- 
v^ard pressure of a column of the atmosphere, having 
the same ba^e as itself 

What is the atmosphere 1 

How is its pressure ascertained 7 

How is the barometer made 1 

Wl^at supports the column of mercury 7 
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6. Thus, in fig. 1., the atmospheric **•*• 
column a a, of indefinite length, but of the 
same size as the barometric column Db, 
presses upon the mercury in the vessel. 
K, with a force equal to its own weight ; 
now since any force, acting upon a fluid, 
is communicated in every direction, this 
pressure will be transmitted through the 
mercury, in the direction of the arrows, 
and acts at D, within the tube, against 
the mercurial column Db. This upward 
force will be resisted at D, by the weight 
of Db, and the mercury will sink in the 
tube until the two pressures counterpoise 
each other, in exactly the same manner 
as two equal weights in the opposite scales 
of a balance. 

7. From these considerations, it is man- 
ifest, that the weight of the atmospheric 
column a a is equal to that of the mercuri- 
al column, Db of the same base ; and this 
weight can be estimated in the following 
manner. If the base at D contains one 
square inch, the column Db, at its usual 
height, will contain, nearly, 30 cubic inches ; and since 
one cubic inch of mercury weighs 3426.76 grains, the 
weight of thirty will amount to 102802.8 grains. 

This product being now divided by 7004, the number 
of grains in a pound avoirdupois, the result will be 
nearly 14.7 lbs. ; a quantity equal to the weight of the 
barometric column, and consequently to the pressure of 
the atmosphere on every square inch'of surface. 

8. Any increase in the density of the atmosphere will 
be denoted by an elevation of the mercury, and a de- 
a^ease by its depression. The cause of this is obvious, 
in the first case, a a becomes heavier, and requires more 
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Explain Figure 1. 

How is tlie pressure of the atmosphere, on ever^ square inch, computed 1 
How does any change in the density of the air affect the height of the 
barometer? 
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mercury to balance it ; therefore Db is lengthened. In 
the second case, a a is lighter, and, as a less quantity of 
mercury will then balance it, Db is shortened. Such 
changes are constantly occurring, but are very minute, 
and, in order that they may be accurately indicated, the 
instrument must be made with the nicest care. 

9. To secure a perfect instrument, it is essential that 
the mercury should be free from any solid impurities, 
else the summit of the column will either be above, or 
below, its proper level, according as the foreign matter, 
mixed with the mercury, is lighter, or heavier, than the 
fluid. This end is attained by straining the mercury 
through chamois leather. . If it is amalgamated with 
zinc, or lead, it is purified by washing it with acetic, or 
sulphuric acid. 

10. When the tube is filled, moisture and small bub- 
bles of air are found adhering to its interior surface, and 
are also contained in the mercury. These, if not expell- 
ed, will ascend when the tube is inverted into the Torri* 
cellian vacuum, the moisture rising in vapor. By their 
united elastic force, the ascent of the barometric column 
will be checked, whenever any increase in the density 
of the atmosphere tends to elevate it. 

11. This source of error is removed by boiling th^ 
mercury in the tube. When all the air and vapor are 
expelled, the tube, if gently struck, will give forth a diy, 
metallic sound ; but if a bubble of air remains, the sound 
will be dull and heavy. By connecting the open end of 
the tube with an air pump, during the process of boiling. 
Dr. Jackson, of Boston, has still more effectually removed 
this imperfection. 

12. By these means, the air may perhaps be totally 
excluded, when the instrument is first constructed ; but 
in the course of time, it will again insinuate itself be- 
tween the glass and the mercurial column. To pre- 
vent this evil. Prof. Daniell, of King's College, London, 

What precautions are adopted to secure a perfect barometer 1 
How is the mercury purified, and why 1 
How are moisture and air -expelled from the tube, and why? 
What is Prof. DanieU's improvement 1 
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welds to the open end of the glass tube a ring of plati- 
num, which possesses a greater affinity for mercury than 
f^lass. The mercury adheres closely to the platinum, 
ike water, and the passage of air, according to all ex- 
periments, appears tnus to be effectually prevented. 

13. Since tne constant changes in the weight of the 
atmosphere produce corresponding fluctuations in the 
height of the barometer, a scale is placed near the top 
of the tube, extending from twenty-seven to thirty-one 
inches, a space, which includes, at the surface of the 
earth, all the fluctuations of the column. This scale is. 
divided into tenths of an inch ; but, as the variations of 
the barometer are exceedingly minute, a contrivance, 
called a vemi^j is annexed, by which a change, to the 

' extent of one five hundreddi of an inch, can be easily 
measured. 

14. As the surface of the mercury, in the reservoir, is 
raised by the descent of the column, and depressed by 
its elevation, any change in the height of the barometer 
cannot be accurately estimated, while the scale remains 
in the same position; unless this surface is always 
brought to the same point, before taking an observation. 
The necessity of so doing will be obvious, from the fol 
lowing illustration. 

Suppose the surface of the mercury in the cistern K, 
figure 1., to be Jifty square inches, while that of a hor- 
izontal section of the column is but one. Should the 
barometer sink one inch, the surface of the mercury in 
the cistern will rise one fiftieth of an inch, and the 
amount of the depression of the column, if measured 
from this surface, will be only forty-nine fiftieths of an 
inch, instead of one inch, its true depression. 

15. The contrivance employed by Fortin, a celebrat- 
ed French artist, to remove this error, consists in ad- 
justing to the cistern K, fig. 1., a movable bottom, which 
can be elevated or depressed, by means of the screw 



What is the length of the barometric scale ? 

How small a variation in height can be measured ? 

What is Fortin*8 contrivance, and for what purpose adopted 1 
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P, untit the surface of the mercury shall just touch the 
fixed ivory index L, at its lower extremity ; which point 
is the zero of the scale, or the place from which the 
height of the barometer begins to be reckoned. 

16. When, by adopting the previous precautions, the 
barometer has been so far perfected, two corrections 
are still necessary, before recording observations ; the 
first for temperature^ and the second for capillarity. 
That of temperature depends upon the expansion of 
the mercury and the scale ; the latter being partially 
corrective of the former, inasmuch as the divisions of 
measurement upon the scale, lengthen, at the same 
time, with the column of mercury. 

17. Temperature. Mercury dilates, for every de- 
gree Fah. about one ten-thousandth part of its bulk, 
taken at the freezing point. The expansion of the scale 
varies with the metal of which it is composed, but its 
amount is, usually, so small, that it may safely be neg- 
lected in the required correction. Hence the following 
practical rule has been adopted, for reducing any ob- 
served altitude of the barometer, to the corresponding 
altitude, at the freezing point. " Subtract the ten-thou- 
sandth part of the observed altitude^ for every degree 
above the freezing point.^ Thus, if the barometer 
stands at ^ inches, and the thermometer at 52^, the 
required correction is 20 X .0001 X 29 = 058. If the 
temperature is below 32°, the correction must be added. 
To facilitate these calculations, a thermometer is always 
attached to the barometer. 

18. Capillarity. By capillary attraction is (C. 53,) 
understood^ the force exerted by the interior s-urface of 
small tubes, upon the fluids contained within them. 
When the fluid moistens the tube, it rises above its pro- 
per level ; but when it does not, as in. the case of mer- 
cuiy, it sinks below it. Prom this cause, a depression, 
termed its capillarity, occurs in the barometer, the extent 

How is the barometer affected by a change in temperature 7 
Give the rule for reducing the height to the corresponding height at the 
freezing point. 
Why is capillarity a source of error ? 
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of which is dependent upon the size of the interior diam- 
eter of the tube, and a correction for this must be added 
to the apparent height, in order to obtain the true alti- 
tude. In tubes of a small bore, the error from this 
source is considerable ; but when the diameter exceeds 
half an inch, it becomes so small, that it may safely be 
neglected. This will be rendered evident by the inspec- 
tion of the following table, which gives the amount of 
depression for tubes of various sizes. 

Diameter of tube. D6;>remioa. 

iuchei. mchet. 

.10 ....;. . .1403 

.20 0681 

.40 0153 

.50 0083 

19. When the instrument is not stationary, but is 
carried from clime to clime, and to different heights 
above the sea-level, two other corrections are necessary; 
one for the varying force of gravity^ in different latitudes, 
and the other for the change of pressure^ which dimin- 
ishes with every increase of altitude above the ocean. 

Such is the barometer, an instrument of great prac- 
tical use, and of the highest value in meteorological re- 
searches. 

FRESSUR£ OF THE ATMOSPHERE. 

20. Variation in Latitude. The T?iean or average 
pressure of the atmosphere, as indicated by the barom- 
eter, is found to be nearly the same in all latitudes, 
when every essential correction is made. It increases 
a little from the equator to about the 30th degree of 
latitude, where it is greatest ; it then decreases to nearly 
the 64th degree, where it is least ; after this it again 
increases, and between the 75th and 76th degrees, the 
pressure is equal to that of the equatorial climes. All 

Is it greater in tnbes of a small or large bore? 

When the barometer icr portable, what other corrections are necessary ? 

What is said of the barometer 1 

In what manner does the pressure of the atmosphere vary in latitude 9 
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this is obvious from the following table, foanded upon 
observatioDs, where corrections are made for gravity, 
altitude above the sea-level, and temperature. 



PLACXfl. 


LATITVOK. 


HEIGHT OF 
BABOMBTK^ 


Gape of Qood Hope, . 
Ghristianbure, . . . 

Tripoli, 

Godthaab, .... 
Spitzbergen, . . . 


33° S. 
5°30'N. 
33° N. 

64° N. 
76° 30' N. 


InchM. 
29.965 
29.796 
30.127 
29.698 
29.801 



21. The pressure of the atmosphere at any given 
spot is not invariable ; for the height of the barometer 
is perpetually changing throughout the year. The ex- 
tent of its fluctuations is, however, by no means the 
same in all places, being least at the equator, and great- 
est towards the poles. Thus its range within the tropics 
is but a little more than one-fourth of an inch ; at New 
York, 40** 42'' 4(K'' N. lat., 2.265 inches, from the observa- 
tions of five years ; at St. Johns, Newfoundland, 47'' 34^ 3^' 
N. lat., 2.54 inches, during the same period; while in 
Great JBritain it amounts to three inches. The greatest 
fluctuations occur between the 30th and 60th degrees of 
latitude. 

22. There is also a constant daily variation in the 
atmospheric pressure, for the barometer, as a general 
rule, falls from 10 o'clock, A. M. to 4, P. M. ; it then 
rises until 10, P. M., when it again begins to descend, 
reaching its lowest point at 4, A. M. ; from this time it 
rises, until it once more attains its highest elevation, at 
10, A. M. These variations are 'exceedingly minute, 
and contrary to the annual range, are greatest at the 
equator, and decrease with the IcUitude ; disappearing 
about the parallel of 60^. 

23. This variation amounts at 



Give examples. 

Where are the annual fluctuations of the barometer least t 

Where greatest 1 

Give examples. 

Describe the diurnal variations. Where greatest 1 Where least ? 
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FLACKS. 


LATITVDK. 


INCHK8. 


Rio Janeiro, . . . 

Lima, 

Calcutta, 

St. Petersburg, . . 


22<' 54' S. 
12° 3' S. 
22° 35' N. 
69° 66' N. 


to .067 

to .10 
to .072 
to .006 



In the tropical regions, according to Humboldt, so reg- 
ular are the diurnal changes, that the barometer indi- 
cates true time, within a quarter of an hour. 

These daily fluctuations, in the atmospheric pressure, 
for a long time, perplexed meteorologists, but their cause 
has, at length, been discovered, by means of the late ob- 
servations, at the English observatories. They are 
found to ai;ise from the stated variations in temperature, 
that occur during the day. 

24. Variations in Altitude. As we ascend above 
the surface of the earth, we leave a portion of the at- 
mosphere below us, and are freed from its pressure. 
This fact is denoted by the fall of the barometer. When 
De Luc, a French philosopher, ascended to the height 
of 20,000 feet, his barometer sunk to twelve inches. In 
1838, the aeronaut Green, rose fromYauxhall gardens, in 
London, to an elevation of nearly three miles and three 
quarters ; the mercury in the barometer gradually de- 
scending, from thirty inches to fourteen dma seven-tenths, 

25. As a general rule, this depression, near the sur- 
face of the earth amounts to one-tenth of an inch for 
every eighty-seven feet in altitude ; but where perfect 
accuracy is required, several corrections must be made. 
The barometer then becomes, in the hands of skillful 
observers, an important instrument for determining alti- 
tudes, and so exact are its indications, that two inde- 



Give examples. 

What is said by Humboldt of their regularity in the tropics? 

How are they caused ? 

How is the pressure of the air influenced by the altitude 1 

What instrument indicates the changes of pressure 7 

In the instances given, how low did the merciuy sink 1 

What is the law of depression 1 

For what purpose is the barometer sometimes employed 1 

Give instances. 
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pendent estimates of the height of Mount JEtna, made 
by means of this instrument, differ only one foot ; that 
of Capt. Smyth being 10,874 feet, while Sir John Her- 
schel's is 10,873 feet/ 



DENSITY OF THE ATMOSPHERE. 

26. When one portion of the atmosphere is said to 
be more dense than another, all that is meant is simply 
this ; that a given volume, or bulk, of the first portiorij 
08 one gallon, contains more atrial particles than an 
equal volume of the second ; thus, if it contains twice as 
many particles, it is said to be twice as dense. 

27. The densfty of the atmosphere decreases with 
the altitude. This result is caused by the diminished 

fressure of the air, and the decreasing force of gravity, 
magine the atmosphere to be divided into a vast num- 
ber of thin, concen- pi^ ^ 
trie strata, which in 
figure 2, are repre- 
sented by the spaces 
between the lines 
1-2, 2-3, 3-4, 4-5, 
&c. 

Now it is clear, 
that the particles in 
each layer are pressed together by the whole weight of 
the atmosphere above them, while, at the same time, 
they are drawn together by the force of gravity. Vari- 
ations in the latter power are only appreciable at great 
distances from the earth, and the observed changes in 
density, at two or more stations, may therefore be as- 
cribed to the difference in the weight or pressure, of the 
superincumbent atmosphere. The height of the barom- 
eter, at different elevations, thus denotes the density of 
the air at these points. 




▲TUOSPHBRIO STKATA. 



When 18 one portion of the atmosphere denser than another 1 

What two causes principally influence its density 1 Describe figure 2. 

Which cause may be neglected 1 

What instrument measures the density 1 
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28. The density, however, is not exactly proportioned 
to the pressure, slight modifications arising, from sev- 
eral causes ; the most important of vtrhich is tempera- 
ture. The heat of the atmosphere decreases with the 
altitude, and since heat expands, and cold contracts, a 
given volume of air, xHth part of its bulk, at 32^, for 
every degree Fah. ; or in otner words, thus lessens and , 
increases its density, a correction must be made for this 
influence. 

29. It has been found by calculation, combined with 
observations, that, if the altitudes are represented by an 
increasing arithmetical series^ the densities of the at- 
tnosphere decrease in a geometrical progression. Thus, 
if at the height of 18,000 feet the air, as the barometer 
indicates, is but half as dense, as at the surfetce of the 
earth ; at 36,000 feet it will be reduced to one-fourth, 
and at 54,000 feet to one-eighth of its original density. 

30. The rarefaction of the air at lofty elevations, les- 
sens the intensity of sound, impedes respiration, and 
causes the mintite veins of the body to swell and open. 
Thus, at a short disUnce, the report of a pistol upon the 
summit of Mont Blanc, can scarcely be heard. Gay 
Lussac and Biot, ascending from Paris; in a balloon, to 
the height of 25,000 feet, breathed with pain and difii- 
culty, and upon the high table lands of Peru, the lips of 
Dr. Tschudi, cracked and burst ; while the blood flowed 
from the veins of his eyelids. 

In consequeDce of this diminution of pressure, water 
boils, in such situations, at a comparatively low tempe- 
rature ; thus, at Quito in Equsdor, 9,537 feet above 
the sea level, ebullition takes place at the temperature 
of 196° Fah. 



In what manner does temperature affect the density'? 

What is the law of decrease in reference to altitude ? Illustrate. 

What are the effects of a rarefied atmosphere? Give instances. 
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WEIGHT OF THE ATKEOSPHEBE. 

31. We have seen, that a column of mercury, about 
thirty inches in height, weighs, at the surface of the 
earth, exactly the same as a column of the atmosphere, 
possessing the same base. If then the globe was cov- 
ered with an ocean of mercury, thirty inches in depth, 
the latter would occupy the identical base that the at- 
mosphere does now, and their respective weights might 
be regarded as equal. 

32. Under this supposition, the diameter of the earth 
would be increased five feet. The difference then, in 
cubic feet, between the solidity of the earth, and that of 
a globe, whose diameter is five feet greater, will equal 
the number of cubic feet in the sea of mercury. This 
number multiplied by the weight of a cubic foot of mer- 
cury, viz. 848,125 lbs., will equal that of the whole mass, 
which is the same as the weight of the atmosphere. This 
calculation has been made, and amounts to more than 
jive thmiscmd billions of tons. 

TEMPEKATUEE OF THE ATMOSPHERE. 

33. The entire body of air surrounding the globe ap- 
pears to be warmed in two ways ; first by the luminous 
beams of the suu, secondly, by the radiation of heat 
from the earth. 

34. According to Kaemtz and Martin, the atmo- 
sphere absorbs nearly one-half the daily amount of heat, 
which emanates from the sun to the earth, even when 
the sky is perfectly serene. The remaining portion fall- 
ing upon tne surface of the ground, elevates its tempera- 
ture, and the earth sends back into the atmosphere rays 
of invisible heat. 

35. Modem researches have shown, that all bodies, 
through which heat can pass^ absorb a greater propor- 

Mow is the weight of the atmosphere computed 1 
How many tens does it weigh 7 
How is the atmosphere warmed 1 
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lion of non-luminous, than of luminous calorific rays. 
The heat, therefore, that radiates from the earth, will 
not pierce the atmosphere, with the power of the solar 
ray ; all will he retained by the lower strata of air, 
which in their turn, diffuse invisible thermic rays, in 
every direction. 

36. We thus perceive, what all observations have 
proved, that the upper regions of the atmosphere must 
be colder than the lower. It is not, however, to be for- 
gotten, that the rarefaction of ttie superior strata con- 
tributes to this condition. 

THEEJUEOMETER. 

37. The temperature of the atmosphere is indicated 
by the thermometer, an instrument, which derives its 
name from the Greek words, thermos, warm, and matron, 
measure. It consists of a small glass tube, terminated 
by a bulb, and is partially filled with mercury. 

This fluid is usually preferred for several reasons, the 
most important of which are, its uniform dilation, its 
quick susceptibility to any change in temperature, and 
the great range of its expansion in the fluid state. If 
the instrument is to be exposed to extreme cold, alcohol 
must be used. 

38. As mercury, like other fluids, expands by heat, 
and contracts by cold, its alternate elevations and de- 
pressions within the tube, can be made to indicate the 
corresponding changes in the state of the air, if two 
fixed temperatures can be found, whence to reckon the 
changes. These have been discovered. If a thermom- 
eter is immersed, at different times, in mslting snow, 
the column of mercury invariably sinks to the same 
place in the tube, though many months may have 
elapsed between the experiments; and, when exposed 
to the steam of boiling water, the mercury always as- 

Is it heated most by luminous or non-luminous heat 7 

Are the upper or lower regions of the atmosphere the warmest 1 

How is the temperature of the atmosphere measured 7 

Describe the thermometer. Why is mercury used 7 

How are the two fixed temperatures obtained 7 

2 
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cende Ui the same height, under the same atmoepheric 
presBure. 

39. These invariable positions, which are termed the 
freezing and the boiling points, are marked upon the 
scale to which the tube ia affixed. In Fahrenheit's ther- 
mometer, figure 3., the interval ^ 

between them is divided into 180 
parte, each of which is called a 

degree (1°) and as the freezing imgpont 

point is marked 33°, the boiling 
IS therefore 212°. The divisions 
are extended downwards from 
32° to 0, or the zero point, and 
when extreme degrees of cold are 
to be measured, the range is con- 

tiaued to 20°, 40°, and even 60° FrtMin im. 

below zero. If the air is colder 
than 40° below zero, a spirit ther- ■ ■ ■ ^™- 

mometer must be used, since mer- 
cury becomes solid at this tem- 
perature. When Simpson, a late 
northern traveller, wintered, in 
1838, at Fort Confidence, 67° N, 
lat., he cast a bullet of meicury, 'tasH^'/sB 
the temperature being 49° below 

zero. Upon firing the ball, it passed through an inch 
plank, at the distance of ten paces ; but flattened and 
broke against the wall, three or four paces beyond. In 
addition to the mode of graduation adopted by Fahren- 
heit, several others prevail (C. 570), which it is not ne- 
cessary here to discuss. 

40. The thermometer employed for meteorological 
purposes, should he made as accurate as possible, and in 



Inlo bow manr intervals la (he space between them divided In Fabien 
hdt'B Bcale 1 What are the ioteiTals called t ■ 
How many degrees ia the freezing point 7 
Haw many the boiling point 7 
What is the zero point 7 
When must a spirit thermometer be used 1 
Relate SimpBOn's eiperimenl. 
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order to ensure its perfection, many niceties must be ob- 
served in its construction. 

41. First. The tube should be of eqtial size 
throv^ghout the whole stem ; else the same increase of 
temperature will not produce the same increase in the 
height of the mercury, throughout every part of the 
tube ; and so of the decrease. 

Secondly. The bulb should be large in proportion 
to the tube ; for then slight changes in temperature will 
be rendered perceptible, and the delicacy oi the instru- 
ment increased. 

Thirdly. The mercury should be pure, dry, and 
recently boiled, in order to free it from air ; and, when 
in the tube, should there again be boiled, to drive off 
any air or moisture collected within. 

Lastly. When the mercury is at the summit of the 
tube, and every thing else has been expelled, the top of 
the tube must be perfectly closed by the fusion of the 
glass, leaving, when the msrcury has cooled, a void 
space or vacuum, above. 

42. When a thermometer has been exposed to great 
changes in temperature during the coui'se of a year, 
the position of the freezing point upon the scale is 
found to be somewhat altered ] for, if the instrument is 
then placed, in melting snow, the mercury is usually 
seen to stand a little higher than 32°, and less than 33°. 
This change would occasion a constant error in the ob- 
servations, and meteorologists therefore verify their 
thermometers at stated inteiTals, in the way just men- 
tioned. 

S£LF-REaiST£RING THERMOMETER. 

43. The object for which this instrument is con- 
structed, is to obtain, in the absence of the observer, the 
highest and lowest temperature of the day, or of any 
other interval of time. 

What precautions must be taken to construct an accurate thermometer 1 

What change occurs in the position of the freezing point 1 

How are thermometers verified 7 

For what purpose is a self-registering thermometer used 1 
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One of the most correct thermom- ^'« ^• 

eters of this kind, now in use, is that 
invented by Mr. James Six, of Col- 
chester, which is represented in Fig. 4. 

It consists of a long glass bulb, G, 
narrowing into a fine tube, which is 
first bent downward, forming the 
arm a b, and then upwards, forming 
the arm c dy which terminates in a 
small cavity, L. The two arms con- 
tain mercury, which extends down 
from a on one side, and up to c on 
the other : the bulb and the rest of 
the tube are filled with alcohol, ex- 
cept the upper part of the cavity L. 
Upon the top of the mercury in each 
arm rests an index (which is more 
perfectly seen at A), consisting of a 
piece of iron wire capped with ena- 
mel, and loosely twined with a fine 
glass thread ; when the mercury de- 
scends, the index would fall, were it 
not for the glass thread, which, press- 
ing like a spring against the sides of 
the tube, supports the index, in any 
position. 

44. The action of the instrument 
is as follows : When an increase of temperature ex- 
pands the spirit, the mercury is depressed in the arm 
a 6, and elevated in c rf, carrying the index up with it. 
If the temperature now falls, the spirit contracts, and 
the mercury descends in c d ; but the index remains in 
its last position, from the pressure of the glass spring 
against the tube ; and, as it does not fit tightly to the 
latter, the alcohol above it flows readily by. 

As the cold augments, the mercury rises in a b, bear- 
ing up the index of this arm, until an increase of tem- 
perature occurs, when the mercury here falls, and the 




six's BBLP-RB6ISTBRIN0 
THSKMOMSTBR. 



Describe Six's, from fig. 4. 
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index continues stationary. Thus, the highest paint to 
which the index rises in the arm, a b, indicates the least 
temperature, and that in cd the greatest, that happens 
in any interval of time, as a day, or a year ; and the 
scale, as is evident from the figure, is graduated accord- 
ingly- 

45. After every observation, each index requires to 

be adjusted ; this is done by means of a magnet, which, 
being moved down the side of the arm, draws the index 
after it. 

Another instrument of this kind was invented by 
Rutherford, (C. 575.) 

MEAN DAILY TEMPERATURi:. 

46. The mean or average temperature of the day, 
would be accurately found by observing the thermom- 
eter at intervals of an hour during the whole twenty- 
four, and dividing the sum of the temperatures by the 
number of observations, viz., twenty-four. This method 
is however too laborious, and meteorologists have en- 
deavored to arrive at the same result from two or three 
daily observations. 

47. According to Kaemtz, a celebrated German me- 
teorologist, if, in Germany, the thermometer is noted at* 
6, A. M., 2, P. M., and 10, P. M., and the sum of the 
temperatures divided by three, the quotient will differ 
but little from the true mean. The rule adopted in the 
State of New York, under the direction of tne Regents 
of the University, is as follows : 

Mark the temperature, first, between daylight and 
sunrise ; secondly, between 2 and 4, P. M, ; thirdly, an 
hour after sunset : add together the first observation, 
twice the second and third, and the first of the next 
day, and divide the sum by six ; the result will be the 
m£an. 

The mean daily temperature at Philadelphia has 
been found, from the hourly observations of Capt. Mor- 

What is understood by the mean daily Umperaiurc ? 
How is it obtained? 
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decai, to be one degree less than the temperature at 
9, A. M. 

48. By taking the average of all the mean daily tem- 
peratures throughout the year, the mean annual tem- 
perature is ascertained. It is also obtained by the aid 
of the self-registering thermometer, the average of the 
two extreme temperatures being regarded as the mean 
of each day. 

49. Variations of Temperature in Latitudk. 
By comparing situations differing widely in latitude, it 
is found that the average annual temperature of the 
atmosphere diminishes from the equator towards either 
pole. This will be seen from the annexed table, which 
presents the results at the sea level, for nine places. 



PLACES. 



Falkland Isles, 
Buenos Ay res, 
Rto Janeiro, . 
Maranham, . 
Trincomalee, 



LAT. 


TEMP. 




Fahren. 


51° S. 


47° .23 


34° 36' S. 


62° .6 


22° 56' S. 


73° .96 


2° 29' S. 


81° .32 


8° 34' N. 


81° .32 



PLACES. 



Calcutta, . . 
Savannah, . 
London, . 
Melville Isle, . 



LAT. 



22°35'N. 
32°05'N. 
51°31'N. 
74°47'N. 



TEMP. 



Pahren. 
78° .44 
64° .58 
60° .72 

1.66 be- 
low zero. 



50. From this table it is also evident, that places hav- 
ing the same latitudes, in the two hemispheres, do not 
necessarily possess the same average temperature. 
This is owing to a great variety of local causes, the 
effect of which cannot always be accurately estimated. 

51. Variations in Altitude. The temperature of 
the air diminishes with the altitude, but the law of de- 
crease is very irregular, being affected by the latitude, 
seasons, hours of the day, and a diversity of local cir- 
cumstances. It may however be assumed, as a gen- 
eral rule, that a loss of heat occurs to the extent of one 
degree Fah.for every i^^ feet of elevation. This is an 



How is the mean annual temperature found 7 

How does the temperature of the atmosphere vary in respect to latitude 1 

Give examples. 

Do like latitudes in different hemispheres have the same temperature 1 

How is the temperature affected by altitude 7 

What is the general law of decrease 7 
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average result, for the rate of decrease is very rapid near 
the earth, after which it proceeds more slowly, but at the 
loftiest heights is again accelerated. 

52. During the winter of 1838, the French scientific 
commission stationed at Bossekop, in West Finmark, 
69° 58 N. lat., found this law partially reversed, amid 
the rigors of a polar clime ; the temperature of the 
atmosphere increasing, nearly, 3° Fah. for the first 328 
feet in height ; beyond this limit it began to decrease, at 
first slowly, but afterwards with greater rapidity. Dur- 
ing the summer, the temperature decreased with the 
altitude. 

53. As a consequence of this gradual reduction of 
heat, a point at length may be attained, in any latitude, 
if we continue to ascend, where moisture, once frozen, 
always remains congealed. Hence, arise the eternal 
snows and glaciers, that crown the summits of the high- 
est mountains. 

54. Since the mean temperature of the air is highest 
at the equator, and sinks towards either pole, the points 
of perpetual congelation are farthest removed above the 
ocean-level within the torrid zone, and gradually ap- 
proach nearer the general surface of the earth, with the 
increase of latitude ; as the following table shows. 



PLACES. 


LATITUDE. 


LOWEB LIMIT OF 
PEBPETUAL SNOW. 


Straits of Magellan, . . . 

ChiU, 

Q.uito, 

Mexico, 

^tna, 

Kamschatka, 

Isle of Mageroe, Norway, 


54° S". 
4P 
00° 

19° N. 
37° 30' 
66° 40' 
71° 15' 


3,706 feet. 
6,009 «• 
15,807 " 
14,763 " 
9,531 « 
5,248 " 
2,362 " 



55. A striking departure from the rule exists, how- 
ever, in India ; for while on the south side of the Him- 
malehs, the snow line occurs at the height of about 

Was it found true at Bossekop 1 

What results from this gradual loss of heat 7 

Where are the points of perpetual congelation nearest to the ocean 1 

Where farthest from it ? Give examples. 
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13,000 feet, on the northern acclivity it rises to the alti- 
tude of 17,000. Many explanations of this singular fad 
have been given, which admit not of discussion here. 

HUMIDITY OF THE ATMOSPHERE. 

56. At all temperatures moisture resides in the atmo- 
sphere, self-sustained, in an invisible state. Between the 
particles of air intervals are believed to exist, which are, 
either partially, or wholly, filled with the vapor that 
constantly rises from the earth. 

57. This pecuUarity in the constitution of the atmo* 
sphere is termed the capacity of the air for moisture^ 
and when the intervals are full of vapor, it is said to be 
saturated. An increase of temperature, by dilating the 
air, separates the particles farther from each other ; the 
intervals are thus enlarged, and the capacity of the air 
increased. A diminution of temperature is followed by 
contrary effects ; the size of the intervals is then redu 
ced, and the capacity lessened. 

58. The capacity increases, however, at a faster vate 
than the temperature. A volume of air, at 32° Fah. is 
capable of containing a quantity of moisture, equal to the 
160th part of its own weight ; but for every twenty ^sevev 
additional degrees of heat, this quantity is doubled* 

Thus a body of air can contain, 

At 32° Fah. the 160th part of its own weight. 
« 59° " 80th " « 

" 86° " 40th " " 

« 113° " 20th « '' 

Prom this it follows, that while the temperature ad- 
vances in an arithmetical series, the capacity is accel- 
erated ill a geom£trical progression. 

What departure from this rule exists 7 

What does the atmosphere contain at all temperatures 1 

What is meant by the capacity of the air for moisture 7 

When is the air said to be saturated ? 

What is the effect of heat upon the capacity? 

What is the effect of cold 7 

Which increases at the fastest rate, temperature or capacity 7 

Give instances. What is the rule in respect to temperature and capacity 1 



HUMIDITY OF THE ATMOSPHERE* 33 

59. Absolute Humidity. From the cause just men- 
tioned, it would naturally be inferred, that the quantity 
of atmospheric vapor, or the absolute humidity, is great- 
est in the equinoctial regions, and diminishes towards 
either pole ; a conclusion abundantly supported by facts 
as will be shown hereafter. 

60. The air over the ocean is always saturated, and 
upon the coasts, in equal latitudes, contains the greatest 
possible amount of vapor ; but the quantity decreases as 
we advance inland, for the atmosphere of the plains of 
Oronoco, the steppes of Siberia, and the interior of New 
Holland, is naturally dry. 

61. The absolute humidity diminishes with the alti- 
tude, but the rate of reduction is not fully known. By 
comparing different seasons and hours, it is found 'to be 
greater in summer than in winter, and less in the morn- 
ing than at about mid-day. 

62. Relative Humidity. This must not be con- 
lounded with absolute humidity. By relative humidity 
is understood the dampness of the atm>osphere, or its 
proximity to saturation ; a state dependent upon the 
mutual influence of its absolute humidity and temper Or 
ture ; for a given volume of air may be made to pass 
from a state of dampness, to one of extreme dryness, by 
merely elevating its temperature, without altering, in the 
least, the amount of moisture it contains. 

Thus one hundred and sixty grains of air, containing 
one grain of vapor, would be damp at 36° Fah., but hot 
and withering at the temperature of 90°. By the reverse 
of this process, a body of hot air will not only become 
humid, but will even part with a portion of its original 
moisture, if it is cooled down to any great extent. 

63. From the numerous observations of K9.emtz, at 
Halle, and on the shores of the Baltic, it appears that 

What Is absdvie humidity 1 Where is absolute hnmidity the greatest 7 
How does it diminish 7 Where is the air always saturated 1 
What is said of inland regions? What is the effect of altitude? 
Compare summer and winter, morning and mid-day. 
What is rdaiive humidity? Upon what does it depend ? Illustrate the 
effects of a change of temperature, the absolute humidity being the same- 

2* 
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the relative humidity, in those situations, is highest m 
the morning before sunrise, and lowest, or farthest re- 
moved from the point of saturation, at the hour of the 
greatest diurnal heat. Corresponding results have been 
obtained in this country. 

HYGROMETER. 

64. Those instruments by which the humidity of the 
atmosphere is measured are called hygrometers^ from 
the Greek words ugros, moist, and metron, measure. Of 
these there exists a great variety, differing both in form 
and principle ; but those are esteemed the most accurate 
in their indications, that are constructed upon the prin- 
ciple of condensation, to which allusion has already 
been made, (Art. 62,) but a more extended explanation 
is here required. 

65. Imagine a brightly polished metallic vessel, par- 
tially filled with water, at the temperature of 60° Fah., 
to be placed in a room at the same temperature. If 
pieces of ice are now thrown into the vessel, the water 
is gradually cooled down, and as this reduction proceeds, 
the lustre of the exterior surface will be dimmed, at a 
certain moment, by a fine dew. This is caused by the 
deposition of moisture from the atmosphere, which, in 
contact with the cold surface of the vessel, is ni^w cool- 
ed down just beyond the point of saturation. The tem- 
perature of the water at this instant, which is the same 
as that of the vessel, is termed the dew-point, 

66. By marking the difference, in degrees, between 
the temperature of the air and the dew-point, the rela- 
tive dryness of the atmosphere, or its remoteness from 
saturation is obtained. But observations, like these, 
lead also to other i|:nportant results; for, by the aid of 
tables, giving the elastic force of aqueous vapor, at dif- 
ferent temperatures, the absolute weight of the vapor, 
diffused thrqugh a given volume of air can be determin- 



Whai did Kaemtz observe in respect to relative humidity 7 
What is a hygrometer 7 Explain the principle of condensation. 
What is the dew-point 1 How is the relative humidity obtained 7 
What other results can be deduced 7 
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Fig. 5. 




HTQROKBTSB. 



ed, and likewise the proportion it contains, to that which 
would be required to saturate it. 

67. The hygrometer of Prof. 
Daniell, which is extensively 
used, is thus constructed. 

A glass tube, e t, figure 5., is 
bent twice at right angles, and 
terminated by two bulbs, b and/, 
of the same material. The bulb 
b is partly filled with ether, into 
which is inserted the ball of a 
delicate thermometer, d, enclosed 
in one arm of the instrument. 
All air is excluded from the tube, 
which is filled with the vapor of 
ether; the other bulb,/, is cov- 
ered with a piece of fine mus- 
lin, a, and upon the pillar, g A, 
a second thermometer, k Z, is fixed. 

68. Observations are thus made. The instrument being 
placed by an open window, or out of doors, a few drops 
of good ether are suffered to fall upon the muslin-covered 
bulb, which, from the rapid evaporation of the ether, 
soon becomes cool, condensing the ethereal vapor with- 
in. In consequence of this effect, the ether in b evapo- 
rates, thus causing, not only in the elher,but also in the 
enclosing bulb, a reduction of temperature, which is 
measured by the interior thermometer, e d. 

As the evaporation at a proceeds, the temperature of 
_b still continues to fall, and, at a certain point, the at- 
mospheric vapor will be seen gathering in a ring of dew 
upon the glass, and the difference in degrees, at this 
moment, between the external and internal thermome- 
ter, denotes the relative dryness of the atmosphere. 
Thus, if on one day the exterior thermometer stood at 
65°, and the enclosed sunk to 50° ere the dew-ring ap- 
peared — and on another, the former was at 73°, and the 
latter had descended to 68° before the glass was dimmed 



Describe Daniell's hygrometer, fig. 5., and explain the mode of taking 
observations. 
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with moisture — ^in the first instance the dryness of the 
atmosphere would be indicated by 15% and in the second 
by 5. 

69. The action of this instrument is almost instan- 
taneous, for the enclosed thermometer begins to fall in 
two seconds after the ether is dropped. It is usual, 
where great precision is required, to read off the de- 
grees of the Interior thermometer at the moment the 
dew-ring appears, and also at the moment it vanishes ; 
the average of the two observations being taken as the 
true dew-point. • 

70. In England the dew-point is seldom 30° Fah. 
below the temperature of the air ; the greatest differ- 
ence at Hudson, Ohio, as given by Prof. Loorais, is 36°. 
In the tropical regions its range is the most extensive ; 
for, in the burning clime of India, the dew-point has 
sometimes sunk as low as 29°, while the temperature 
of the atmosphere was 90° — a difference of sixty-one 
degrees. 

71. Height of the Atmosphere. Whether the 
atmosphere is boundless or not, is a question which 
natural philosophers have been unable to determine. 
De Luc regards it as unlimited, and imagines the plan- 
etary spaces to be filled with a medium so exceedingly 
attenuated as not to retard the motions of the heavenly 
orbs. The earth and the various celestial bodies are 
supposed to condense this subtil fluid around them into 
an atmosphere, by virtue of their respective attractions. 

72. Were this true, the densities of the atmospheres 
thus formed would differ, on account of the variations in 
the size and mass of these' bodies. It therefore consti- 
tutes a strong objection to this hypothesis, that the den- 
sity of the atmosphere of Jupiter (as shown by the re- 
fraction of the light of his satellites, at the period of their 
eclipses) is not superior to that of our own ; although 
the force of attraction at the surface of this planet is al- 



How fiir below the temperature of the air does the dew-point descend in 
England 9 in Ohio 1 in India 1 Is the height of the atmosphere known ? 
What is De Luc's opinion 1 What is the objection to this hypothesis ? 
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most three times greater than that of the earth. More- 
over, when Venus passes near the sun, she exhibits no 
atmosphere, according to Wollaston, notwithstanding 
her size is nearly equal to that of the earth. 

73. Those who maintain that the atmosphere is lim- 
ited, suppose, that at a certain distance from the earth, 
the expansive energy of its particles is exactly balanced 
by the force of gravity, and that beyond this point, an 
infinite void extends. This distance has been computed 
to be not far from 22,200 miles from the centre of the 
globe. 

74. Whichever theory may be adopted, it is certain 
that the atmosphere extends to very great heights. Dr. 
Wollaston has shown, by calculation, that the atmos- 
phere, at the altitude of nearly yb?'^^ miles, is still suffi- 
ciently dense to reflect the rays of the sun, when this 
luminary is below the horizon. It is capable of trans- 
mitting sound at a loftier elevation, for in 1783, a vast 
meteoric body exploded at an altitude of more than 
fiftj/ miles, the sound reaching the earth like the report 
of a cannon. Still farther ; if the combustion of meteors 
is truly assigned to the action of the atmosphere, the ex- 
istence of the latter, at the distance of one hundred whiles 
from the earth, may be regarded as proved. 

What do the advocates of a limited atmosphere suppose 1 

How far is this point from the earth's centre 1 

At what height does the atmosphere reflect light 1 

At what altitude transmit sound 1 

What inference is drawn from the combustion of meteors 1 
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OF WINDS IN GENERAL. 



75. Cause of Wind. Wind is air in motion, occur- 
ring whenever the repose of the atmosphere is broken, 
from any cause whatsoever. It is usually the result of 
a change of temperature, and consequently of density, 
but the rush of an av^ilanche, causing a sudden displace- 
ment of a vast volume of air, has been known to pro- 
duce a momentary wind of great violence, along the 
borders of its path. 

76. If two contiguous, upright columns of air, with 
their bases at the same level, are unequally heated, the 
colder is the denser, and at its base a current will flow 
towards the lighter column, (just as the compressed air 
within a bellows streams out into the rarer atmosphere,) 
but at the top, to supply this loss, a counter current pre- 
vails. * 

77. This is illustrated by Franklin's simple experi- 
ment; if a door is opened, communicating between a 
warm and cold room, and a lighted taper then placed at 
the bottom of the doorway, the flame is bent towards the 
warm apartment ; but if held at the top, its direction is 
reversed. 

78. On account of the unequal distribution of heat 

What does part second treat of 1 What does chapter first treat of 7 
Define wind. When does it occur? 

If two contiguous columns of air are unequally heated, what motion 
takes place? State Franklin's experiment. 
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over the surface of the globe, phenomena like these occur 
in nature, on a widely extended scale ; for if two tieigh- 
boring countries are unequally heated^ the air above 
them partakes of their respective temperatures^ and 
there arises ai the surface of the earthy a wind blowing 
from the colder to the warmer region^ while ai the sam,e 
time^ a directly contrary current prevails in the upper 
strata of the atmosphere, 

79. Velocity. Every gradation exists in the speed 
of winds, from the mildest zephyr, that scarcely bends 
the flower, to the most violent hun-icane, which pros- 
trates the giant oak, and hurls to the ground the proud- 
est works of man. They have been classed as follows, 
by Smeaton, according to their rapidity and force. 



VekKity of the wind, 
milei per hour. 


Perpendicular force on one square 
foot in tbs. avoirdupois. 


Common appellation of 
auch winds. 


1 
4 
5 

10 
15 
20 
25 
30 
35 
40 
50 
60 
60 
100 


.005 

.079 

.123 

.492 

1.107 

1.968 

3.075 

4.429 

6.027 

7.873 

12.300 

17.715 

31.490 

49.200 


Hardly perceptible. 

> Gentle wind. 

> Pleasant brisk gale. 
; ' Very brisk. 

1 High wind. 

Very high. 
Storm. 
Great Storm. 
Hurricane. 
Violent Hurricane. 



80. The velocity of the upper currents of the atmos- 
phere, is as variable as that of the winds which sweep 
over the surface of the globe ; for the aeronaut, Green, 
who ascended from Liverpool, in 1839, to the height of 
14,000 feet, encountered a current that bore him along 
at the rate of five miles per hour, but upon descending 
to the altitude of 12,000 feet, he met with a contrary 
wind, blowing with a velocity of eighty miles per hour. 

How does it explain the origin of winds 1 

What is said of the velocity of winds 1 

Give the common appellations of winds, with their velocity and force. 

What is said of fte speed of the upper currents? 

Give examples. 
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On one occasion, his balloon was carried over the space 
of ninety-seven miles in fifty-eight minutes. 

81. Anemometer. The velocity of the wind is esti- 
mated by the anemometer, an instrument so called from 
the Greek words, anemos, wind, and metron, measure. 
One of the best is Woltmann's. It consists of nothing 
more than a small windmill, to which is attached an 
index, in order to mark the number of revolutions per 
minute ; the number of course increasing with the speed 
of the wind. Now if the atmosphere is still, and the 
anemometer is carried against it at the rate, for instance, 
of ten miles per hour, the number of its revolutions 
will be exactly the same as if the instrument was sta- 
tionary, and the vanes revolved by the force of a breeze 
possessing the same velocity. 

82. If then, upon a calm day, the anemometer is 
taken upon a railroad car, moving, for example, at the 
speed of twenty miles an hour, and the number of revo- 
lutions for half an hour accurately noted, we can obtain, 
(by dividing this result by 30,) the number of revolu- 
tions per minute, corresponding to those of a wind hav- 
ing a velocity of twenty miles per hour. In this manner, 
a table adapted to the instrument can be constructed 
for all winds, moving with a greater or less rapidity. 

The velocity of the higher aerial currents is ascer- 
tained by the speed with which the shadow of a cloud 
passes over the surface of the earth. 

83. Force. The force of the wind is obtained, by 
observing the amount of pressure it exerts upon a given, 
plane surface, perpendicular to its own directions. If 
the pressure-plate acts freely upon spiral springs, the 
power of the wind is denoted by the extent of their 
compression, and that weight will be a measure of its 
force, which produces the same effect upon the springs. 

This instrument, which is also termed an anemometer, 



What is an anemometer? Describe Woltmann's, and the mode of com- 
puting by it the velocity of the wind. 
How do we judge of the speed of the upper currents^ 
In what manner is the force of the wind estimated 7 
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is constructed in exactly the same manner as a letter 
weigher, where a weight of half an once. compresses the 
spiral, bringing down the index to a certain division of 
the scale. 

84. If, however, the velocities of the different winds 
are already known, and the force of one obtained, those 
of the rest can be found by the following rule, viz. that 
their forces are as the squares of their velocities. For 
instance, if the power of a gale, possessing the speed of 
twenty miles an hour, is known to be 1,968 pounds on a 
square foot, that of a storm with a velocity of fifty miles 
can thus be ascertained by a simple proportion. 

(20x20) (50x50) lbs. lbs. 

400 IS to 2500 as 1,968 is to the answer 12,30. 

Should the forces be known, it is .obvious that the 
velocities can be computed by reversing this process. 

Winds may be divided into three classes^ constant, 
PERIODICAL, and variable. 

CONSTANT WINDS. TRADE WIin)S. 

85. The most remarkable instance of the first class, 
is that vast current, which, in the torrid zone, is ever 
sweeping around the globe^ in a westerly direction ; and, 
from its advantage to commerce, in always affording a 
steady gale to the bark of the adventurous mariner, is 
denominated the trade wind, 

86. So uniform is its motion, that on the voyage from 
the Canaries to Cumana, on the northern coast of South 
America, it is scarcely necessary to touch a sail ; and 
with equal facility, the richly laden Spanish galleons 
were accustomed to cross the Pacific from Acapulco to 
the Philippine Isles. 

87. Origin. The cause of this wind has been thus 
explained by Halley, an English philosopher. From the 
vertical position of the sun, the regions near the equator 

If the velocities'are known and one force, what else can be obtained 1 

Give the rule and the example. 

If the forces are known, what can be computed? 

Into how many classes are winds divided ? Name them. 

What is the trade wind 1 How does it originate 1 
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are intensely heated, while those more remotely situated 
are less so ; the temperature gradually diminishing to- 
wards either pole. (Art. 49.) In accordance with the 
principles just unfolded, (Art. 78,) an upper current will 
flow from the equator towards the poles, and a cold cur- 
rent at the surface of the earth, from the poles and the 
higher latitudes, towards the equator. Here the air, 
becoming rarefied by the heat, rises, and mingling with 
the upper wind flows back again to the polar climes ; 
thus establishing a perpetual circuit. If then the at- 
mosphere was subject to no other influences, a north 
wind would prevail in the torrid zone, in the northern 
hemisphere, and a south in the southern; but these 
directions are modified by the rotation of the earth, in 
the following manner. 

88. Every thing upon the surface of the globe at the 
equator, is carried towards the east, at the rate of about 
sixty-nine miles in four minutes ; but as we recede to 
the north or south of this line, the eastern velocity is so 
diminished, that at the latitude of 60° it is reduced to 
one-half, and at 83° to less than one-eighth of its original 
amount. 

A wind, therefore, blowing from the high latitudes 
towards the equinoctial clime, is constantly passing into 
regions where all terrestrial objects have a greater east- 
erly velocity than itself. They will consequently move 
against it, and as they are apparently stationary, it will 
thus acquire a relative westerly motion. Just as when 
a traveler, outstripping the wind that blows at his back, 
feels a breeze directly in his face. 

89. Thus, the polar wind in the northern hemisphere 
is influenced by two forces at the same time, one of 
which carries it to the souths and the other to the west ; 
and the course it assumes by their combined action must 
be according to the laws of compound motion, (C. 249,) 
some intermediate direction, tending from the north- 
east to the south-west ; and such is the fact, according 
to all observations. 

What two forces influence the polar wind m the northern hemisphere 1 
What is the direction of the trade wind in this hemisphere 1 



! 

1 
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In a similar manner, the lower current in the south- 
ern hemisphere, acquires a direction from the aouth-eoLst 
to the north-west. 

The passage of a vessel across a river is an illustra- 
tion in point. If the vessel is steered before the wind, 
from east to west, while the stream is flowing from north 
to south, she will be seen by a spectator on shore sail- 
ing from north-east to south-west. 

90. In the Atlantic and Pacific, the breadth of the 
trades increases as they flow towards the western shores 
of these vast oceans, the wind gradually changing to 
the east, by the mutual action of the two currents. 

91. The land is heated by the sun far more intensely 
than the ocean. This is owing to the fact that the solar 
rays warm only the surface of the earth, scarcely pene- 
trating an inch in the course of a day, while during the 
same time they pierce the water to the depth of many 
fathoms. It has been computed that the beams of the 
sun communicate daily a hundred times more heat to 
a given extent of ground than to an equal surface of 
water. On this account, the proximity of highly heated 
continents produces local variations in the direction of 
these winds ; for the air, being more rarefied over the 
land, ascends, and to supply its place, the cooler air of 
the trades sets in from the sea towards these localities. 

92. Thus, on the African coast, between Cape Baja- 
dor and Cape Verde, a north-west wind prevails within 
the limits of the north-east trade ; and off the coast, from 
Sierra Leone to the Isle of St. Stephen, the trade wind 
gradually changes to the south and south-west, veering 
to the west as it approaches the shore. From the same 
cause, the south-east trade becomes a south wind along 
the coasts of Chili and Peru. 

93. Limits of the Trade Winds. In the Pacific, 
the north-east trade wind prevails between the 25th 



What in the southern hemisphere ? Illustrate the subject. 
What Is said of the breadth of the trades 1 

Why is the land more intensely heated than the ocean 1 How does this 
difference cause a local variation in the direction of the trades 1 
Give instances of such changes. State the limit of the trade winds. 
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and 2d degree of north latitude. The extent of the 
south-east trade is not precisely ascertained, but it prob- 
ably ranges from the 10th to the 21st degree of south 
latitude. In the Atlantic, the former is comprised be- 
tween the 30th and 8th degrees of north latitude, and 
the latter within the limits of the 3d degree of north 
and the 28th degree of south latitude. 

94. The limits, however, are not stationary, but are 
dependent upon the season — advancing towards the 
north during the summer of the northern hemisphere, 
and receding to the south as the silti withdraws to the 
southern tropic. Thus, on the west coast of Europe, the 
north-east trade has been found to extend as far as Ma- 
deira, and even to Mafra, in Portugal. 

95. Calms. In the vicinity of the Cape Verde isles, 
between the 8th and 3d degree of north latitude, is a 
tract denominated by mariners the rainy sea. This 
region is doomed to continual calms, broken up only by 
terrific storms of thunder and lightning, accompanied 
by torrents of rain. A suffocating heat prevails, and 
the torpid atmosphere is disturbed, at intervals, by short 
and sudden gusts, of little extent and power, which 
blow from every quarter of the heavens, in the space of 
an hour — each dying away ere it is succeeded by an- 
other. In these latitudes, vessels have sometimes been 
detained for weeks. 

In the Pacific, the region of calms is comprised within 
the 2d degree of north and south latitude, near Cape 
Francis' and the Galapagos islands — a narrow belt of 
ocean separating the two trades. Here, likewise, dread- 
ful tempests prevail. 

96. According to Humboldt, a similar state of the at- 
mosphere exists, during the months of February and 
March, on the western coast of Mexico, between the 
13th and 15th degrees of north latitude, and 103d and 
106th degrees of west longitude. A ship, richly laden 
with cocoa, was here becalmed for the space of twenty- 
Are the limits statioxiary 1 Upon what do they depend 1 

Give examples. Where is the rainy seal Describe it. 
Whero are the calms in the Pacific 1 What instance is given ? 
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eight days, when the water failing, the crew were cdm- 
pelled by their sufferings to abandon the vessel and 
seek the shore, eighty leagues distant, in an open boat 

97. The calms are supposed to be caused in the fol- 
lowing manner. The axljacent continents to the east 
of these stagnant regions being far more intensely 
heated than the sea, the air over the latter would rush 
easterly towards the land, were it not arrested by a con* 
trary impulse in the direction of the trade wind. If 
these opposing forces are at any time equally strong, the 
atmosphere is motionless, and a dead calm ensues — 
just as a vessel, in ascending a stream, continues sta- 
tionary when the power of the wind is exactly balanced 
by that of the current. When, however, tlie relative 
strength of these forces rapidly changes, those short and 
sudden gusts which have been noticed will arise, as one 
or the otner of these impulses prevails. 

98. The presence of a highly heated region is strik- 
ingly marked in the case of the rainy sea. To the east 
lies the great African desert, from whose burning surface 
a vast volume of hot and rarefied air is perpetually ris- 
ing. 

Another cause must not be forgotten, which applies, 
more particularly, to the calms near Cape Francis. This 
tract is directly under the equator, and from its peculiar 
situation, the upward current of rarefied air is probably 
here so strong as to neutralize the action of the trade 
winds. 

The limits of the calms vary also with the seasons. 
Thus, in the Atlantic, the range in August is between 
3° 15' and 13° N. Lat., but in February, extends from 
1° 15' to 6° N. Lat. 

WINDS OF THE HIGHER LATITUDES. 

99. The upper equatorial currents, flowing off to- 
wards either pole, descend, on their passage, to the 
earth, and since they carry with them an excess of east- 
erly velocity, will become, upon the principles already 

How do the calms originate 1 What are their limits 1 
What is the direction of the wind in the higher latitudes 1 
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explained, (Art. 89,) south-westerly tDtnds, in the north- 
em hemisphere^ and north-westerly in the southern. 

Such would be the course of these currents if left to 
themselves ; but as they meet on their passage with 
counteracting winds, and are influenced by a variety of 
causes, their direction is more or less changed ; yet not 
so much, but that a marked predominance in the fre- 
quency of westerly winds exists in both hemispheres. 

100. That this is true, in regard to the northern hem- 



Fig. 6. 
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♦Russia, N. 87° W. 

West. 

Prance, S. 88° W. 

North America, S. 86° W. 

Germany, S. 76° W. 

England, S. 6&° W. 
Denmark, S. 62° W. 

Sweden, S. 50° W. 




South 

PRBVAILINO DIRECTION OP THB WIND IN DIFFBRBNT COUNTKIBS. 

• Kaemtz remarks of Russia, " tliat the number of observations have 
not been suflficient to enable us to deduce any thing conclusive." 

What gives them this direction? 

Explain fig. 6., and give the course of the wind for the several coootries. 
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isphere, is obvious from the annexed cut, figure 6., which 
presents the results of a multitude of observations. A 
quarter of the circumference of a circle is here supposed 
to be divided into ninety parts, called degrees^ and the 
inclination of the several lines on which the at rows are 
placed, to the north and south line, measures, in degrees, 
the average or mean course of the wind, in the several 
places mentioned. 

The degrees are reckoned from the south, in all cases 
except Russia, where they are counted from the north. 
The points of the arrows indicate the quarter towards 
which the wind blows. 

101. The prevalence of westerly winds in the high 
latitudes of the north is also shown by the fact, that the 
average length of the outward passage, by packet, from 
New York to Liverpool, is but twenty-three days, while 
that of the return voyage is forty. It also appears, 
from the observations of Hamilton, during twenty-six 
voyages between Philadelphia and Liverpool, extending 
from 1798 to 1817, that, out of 2029 days on which the 
wind blew, it came from the west 1101 ; a result agree- 
ing with the observations of McCord, at Montreal, who 
found that, from 1836 to 1840, inclusive, the westerly 
winds at this station constituted more than one-half of 
all the winds that blew, bearing the ratio of 54 to 100. 

102. In the high southern latitudes, the same fact 
has been observed. Lieut. Maury remarks, that at 
Cape Horn there are three times as many westerly as 
easterly winds, and that he has seen vessels arrive at 
Valparaiso and Callao, after having been detained off 
the Cape, by gales and head winds, for the space of 
eighty^ and even one hundred and twenty days. In the 
late Exploring Expedition, the ship Yincennes remained 
at Orange Harbor, in Terra del Fuego, for the space of 
sixty days, during which time the weather was exceed- 
ing variable ; for thirteen days the wind blew from the 
north, eastward, and south-east, while iox forty-seven^ it 
prevailed firom the west. 

State fiicts respecting westerly winds in the high northern latitudes. 
The same in regard to the high southern latitudes. 
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UPPER WESTERLY WIND OF THE TR0FZ08. 

103. The prevalence of a westerly wind, above the 
trades, within the torrid zone, is shown by many con- 
clusive facts. In 1812, ashes from the volcano of St. 
Vincents were carried easterly, falling upon the island 
of Barbadoes ; and the captain of a Bristol ship declared, 
that at this time volcanic dust descended to the depth or 
hye inches, upon the deck of his vessel, at the distance 
of five hundred miles to the east of the former island. 

In 1835, an eruption occurred of the volcano of Con 
sanguina, situated in Guatimala. The height of the 
crater is 3800 feet, and from it issued clouds of ashes, 
which obscured the sun for five days, and being borne 
along in a north-easterly direction, by the upper cur- 
rent, fell in the streets of Kingston, Jamaica, seven hun- 
dred and thirty miles distant Even in the latitude of 
Teneriffe, nearly all travelers have found a westerly 
wind at the summit of the peak, while the regular trade 
was blowing in a contrary direction, at the level of the 
ocean. 

PERIODICAL WINDS. 

104. Monsoons. In certain countries within and 
near the tropics, the regular action of the trade wind is 
destroyed by the monsoons, which are periodical gales, 
deriving their name from the Malay word moussin, sig- 
nifying seasons. These winds blow, from a certain 
quarter, for one half of the year, and during the other 
half from an opposite point ; and at the time of their 
shifting, dead calms, tempests, and variable winds alter 
nately occur. 

105. From April to October, the south-west monsoon 
prevails north of the equator, and the south-east in the 
southern hemisphere ; but from October to April, the 
north-west monsoon blows south of the equator, and the 
north-east in the northern hemisphere. 

What is the direction of the wind above the trades? Give the proofs. 
What are the monsoons ? In what manner do they blow 1 
From April to October what monsoons prevail, and where 1 
From October to April what monsoons prevail, and where 1 
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^his may be taken as a general rule, subject to the 
following modification ; that the south-west and north- 
west monsoons occur later in the season, according as 
the regions over which they prevail are farther removed 
from trie equator. 

Thus, in India, at Anjengo, on the Malabar coast, 
8° 30' N. Lat, the south-west monsoon commences as 
early as the 8th of April ; at Bombay, 19° N. Lat, 
about the 15th of May. In Arabia, it begins a month 
later than on the shores of Africa, and in the northern 
part of Ceylon, fifteen or twenty days earlier than on 
the Coromandel coast. 

106. Origin. The cause of these regular changes is 
to be sought in the effect produced by the sun, during 
his apparent annual progress from one tropic to the 
other. In the Indian ocean, for example, as this lumi- 
nary advances towards the north, the zone of gieatest 
rarefaction recedes from the equator, and the north- 
east monsoon (which is nothing more than the trade 
wind) then subsides, and is succeeded by calms and va- 
riable winds ; but as the summer approaches, and the 
sun arrives at the northern tropic, the southern portions 
of the ^iatic continent become hotter than the ocean, 
and the liumid air from the equatorial seas flows north- 
ward to the land. South-west winds will therefore arise, 
(Art. 99,) which prevail from the peninsula of India to 
the Arabian gulf, until the time of the autumnal equinox. 
During the same period, the south-east monsoon, in the 
southern hemisphere, tempers the heat of Lower Guinea, 
and brings rain to the chores of Brazil. 

107. The motions of the atmosphere, however, are 
reversed^ as the sun crosses the equator and approaches 
the southern tropic. Pouring his fervid rays upon 
Southern Africa, the vast tract of New Holland, and 
the splendid clime of Brazil, the air flows in from the 
north and north-west, towards these highly heated re- 
gions, and w^inds from these quarters prevail for several 



What modifies the general rule 1 Give examples. 
How are the monsoons caused 1 

3 
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months: the monsoon extending along the coast of 
Brazil, from Cape St. Augustine to the Isle of St. Cath- 
erine. But now the influence of the sun is partially 
withdrawn from Southern Asia ; it glows no longer be- 
neath his vertical rays, and over the cooled earth the 
north-east monsoon resumes its wonted course. 

108. Land and Sea Breezes. On the coasts and 
islands within the tropics a sea breeze daily occurs, 
about nine o'clock in the morning ; at first, gently blow- 
ing towards the shore, but gradually increasing in force 
until the jniddle of the day, when it becomes a brisk 
gale ; after two or three o'clock it begins to subside, 
and is succeeded at evening by the larid breeze^ which 
blows freshly off the coast during the night, dying away 
in the morning, when the sea breeze recommences. 

The extent of these winds is variable ; in some places 
they are scarcely noticed beyond the rocks that line the 
beach ; at others they are perceptible three or four 
leagues from land ; while such is theii- strength on the 
Malabar coast, that their effects are felt at the distance 
of twenty leagues from shore. 

These breezes are occasionally met with in every 
latitude. They are perceived upon the coasts of the 
Mediterranean, are sometimes felt at Bergen, %i Nor- 
way, and even faintly discerned on the shores of Green- 
land. 

109. Origin. During the day, the islands of the 
tropics acquire a far more elevated temperature than the 
adjacent ocean; (Art. 91,) the atmosphere above them 
partakes of their warmth, and c\irrents of rarefied air 
ascend from the interior of the land. To supply the par- 
tial void thus created, the cool, dense air of the ocean 
flows in from every quarter towards the shore, and the 
sea breeze then prevails. 

About mid-day the sea breeze is strongest, since the 
velocity and force of the ascending current is then at its 
height, for the sun now acts with its greatest energy ] 



Describe the land and sea breezes. Where do they prevail '\ 
How do they originated 
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but as this luminary descends in the heavens, and sinks 
beneath the waves, the land rapidly loses its heat by 
radiation, while the temperature of the ocean at its sur- 
face is scarcely changed. This is owing to the fact 
already stated, that the rays warm only the surface of 
the earth, but are diffused through the water to a con- 
siderable depth ; and besides, whenever the upper stra- 
tum of the fluid is cooled, it becomes heavier and sinks ; 
and a warmer stratum rising to the top the surface thus 
maintains an almost unvarying temperature. For these 
reasons, the land, at length, becomes colder than the sea, 
while the air above it, acquiring its temperature, is con- 
densed, and flowing off in every direction to the warm 
and lighter atmosphere that floats above the ocean, 
gives rise to the land breeze^ which prevails throughout 
the night. 

110. Variable Winds. From the extreme mobility 
of the air, the direction of the wind is affected by a 
countless variety of causes, such as the nature of the 
soil, the inequalities of its surface, the vicinity of the 
ocean and of lakes ; and the temperature, course and 
proximitj/ of mountains. 

These local influences are, for the most part, con- 
trolled, where the great aerial currents exist in all their 
power ; but in the extra-tropical regions, where the force 
of the latter is diminished, a perpetual contest occurs 
between the permanent and temporary currents, giving 
rise to constant fluctuations in the strength and direction 
of the wind. 

111. It appears from observations made at Toronto, 
and at Hudson, Ohio, that although the wind blows 
from every point of the compass during the year, yet, 
such is the force of the northerly gales, that, in these 
latitudes, there is a general motion of the atmosphere 
from N. W. to S. E. In England, on the contrary, from 
the hourly observations made at Plymouth, there seems 



In what regions do variable winds prevail? What appears to be the' 
general course of the atmosphere at Toronto and Hudson 7 
What in England 7 
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to be an annual movement of the atmosphere, from the 
S. S. E. towards the N. N. W. 

112. Physical Nature op Winds. Winds are hot, 
cold, dry or moist, according to the direction whence they 
blow, and the kind of surface over which they pass. In 
Europe the westerly winds are warm and moist, and the 
north-easterly cold and dry ; for the former come over 
the sea from the lower latitudes, and the latter sweep 
across the land from the polar climes : in our own cli- 
mate, a north-easterly wind is cold and moist. 

A south wind in the northern hemisphere is warm 
and humid, since it comes from warmer regions, and its 
capacity for moisture is constantly diminishing in its 
northward progress ; from opposite causes a north wind 
is keen and dry. 

In the southern hemisphere the nature of these winds 
would be interchanged. 

113. Puna Winds. In Peru, between the Cordilleras 
and the Andes, at the height of 12,000 feet, are vast 
tracts of desolate table-land, known by the name of the 
Puna. These regions are swept, for four months in 
the year, by a piercingly cold wind from the snowy 
peaks of the Cordilleras, which is so extremely dry, 
and absorbs with such rapidity the moisture of animal 
bodies, that it prevents putridity. If a mule happens to 
die upon these plains, it is converted, in the course of a 
few days, into a mummy, even the entrails being free 
from the slightest evidence of decay. 

According to Prescott, the ancient Peruvians pre- 
served the bodies of their dead for ages, by simply ex 
posing them to the dry, cold, and rarefied atmosphere of 
the mountains. 

114. Simoom. Upon the arid plains of Asia, and es- 
pecially on the vast deserts of Africa, an intensely hot 

Whence arise the difierences in the properties of wind 7 
What is the nature of a south wind in the northern hemisphere, and 
why 1 Of a north wind, and why 1 
Why would their properties be reversed in the southern hemisj^ere 1 
Describe the Puna winds. What fact is stated by Prescott 1 
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wind occasionally prevails. In Arabia and Syria, it is 
known by the name of the simoom, from the Arabic word 
sanwia, signifying at once hot and poisonous. In Egypt 
it is termed chamsin, fifty, because it usually continues 
fifty days ; while in the western parts of the great 
Zahara, along the Senegal, and upon the coast of 
Guinea, it receives the name of harmattan. 

The stories of the Arabs, and the accounts of the 
earlier travelers, in regard to this wind, are clothed 
with marvelous fictions. It is described as a poison- 
ous, fiery blast, that instantly destroys life ; none ever 
surviving the effects of its deadly influence, if once in- 
haled. But these fables are now exploded, and the 
simoom is known to possess no other properties than 
those which naturally belong to an exceedingly hot and 
parching wind. 

115. Cause. Its origin is to be sought in the pecu- 
liarities of the soil, and the geographical position of the 
countries over which it reigns. 

The surface of the Asiatic and African deserts is 
composed of dry quartz sand, which the powerful, ver- 
tical rays of the sun render burning to the touch. The 
heat of these regions is insupportable, and their atmos- 
phere like the breath of a furnace. In June, 1813, at 
Esne, in Upper Egypt, the thermometer of Burckardt 
rose to 120° Fah. beneath the roof of a tent, and 
in 1841, the British embassy to the king of Shoa, while 
advancing fi-om Tajura to Abyssinia, suffered under a 
temperature of 126° Fah. in the shade. 

When, under such circumstances, the wind rises and 
sweeps these burning wastes, it is at the same time hot, 
and extremely destitute of moisture ; and, as it bears 
aloft the fine particles of sand, the atmosphere is tinged 
with a reddish, or purple haze, the sure precursor of 
the simoom. 

116. Though the blast of the simoom inflicts not in- 
stant death, it is yet a dreadful visitant to the traveler 

What is the simoom 1 Where does it prevail 1 

By what other names is it known 1 What is the truth respecting HI 

How does it originate 1 
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of the desert. Clouds of glowing sand, at times so 
thick that objects are invisible at the distance of a few 
paces, are driven with blinding force against the face ; 
the moisture is rapidly absorbed from the body, the skin 
becomes parched, the throat inflamed, respiration is 
accelerated, and a raging thirst created. And in the 
midst of these horrors, the burning blast deprives its 
unhappy victims of the only means which they possess 
for alleviating their sufferings ; the water evaporates 
through the skins in which it is carried, and whole 
caravans have been known to perish, the prey of a con- 
suming thirst. 

117. Sirocco. This name is given to a south-east 
wind which prevails in the Mediterranean isles, and 
along the Italian shores. During the summer and 
autumn it is pecuHarly distressing to the inhabitants 
of these regions ; an oppressive sensation of heat is then 
felt, the skin is bathed in perspiration, the body becomes 
weak and languid, and the rnind dispirited. These 
effects are attributed to the fact, that the sirocco, at this 
time, is both hot and moist; very little evaporation 
therefore occurs, and the sensations experienced, under 
these circumstances, are similar to those which are felt 
during a very sultry state of the atmosphere. While 
this wind prevails, the air is obscured by fine particles 
of dust, and is always hazy. 

The sirocco has been generally supposed to arise 
from a current of air flowing across the Mediterranean 
from the glowing sands of Africa. It acquires its heat 
from the desert, and its moisture from the sea. 



CHAPTER II. 



OF HTnuaCANES. 



118. Hurricanes are terrific storms^ accompanied, 
at times J by thunder and lightning; and differ from 

Describe its effects. Describe the Sirocco. 

What does chapter second treat of 1 What are hurricanes 7 



HURRICANES. 



66 



Fig. 7. 



every other kind of tempest by their extent, their irre- 
sistible power, and the sudden changes that occur in the 
direction of the wind. Though known in other climes, 
they rage with the greatest fury in the tropical regions. 
The rich products of the plantations are destroyed in a 
moment, forests are leveled, the firmest edifices pros- 
trated and their roofs whirled aloft into the air, which 
is filled with the flying fragments of a thousand ruins. 
Upon the coasts, the waves rush landward with appall- 
ing violence, lining the harbors and the adjacent shores 
with the cargoes and wrecks of shattered vessels. 

119. From the late independent investigations of sev- 
eral eminent philosophers, it also appears that hurri- 
canes are extensive storms of 
wind, which revolve around an 
axis, either upright or inclined 
to the horizon; while at the 
same time, the body of the storm 
has a progressive motion over 
the surface of the globe. 

120. We learn from the nu- 
merous observations collected 
by Mr. Redfield, of New York, 
that in the northern hemi- 
sphere, the Atlantic hurricanes 
generally originate to the east 
of the Carribean islands, and 
that their path is from south- 
east to north-west, until they 
have passed the northern^ tropic, 
when their course changes from 
south-west to north-east; the 
rotation of the storm being from 
right to left, contrary to the 
motion of the sun, (see dg, 7., 
where the arrows show the di- 
rection of the wind.) 




GENERAL DIRECTION AND ROTA- 
TION OP HURRICANES IN THE 
NORTBSRN HEMISPHERE. 



Where are they most violent 7 What do many philosophers now con- 
sider them to be 7 

State Mr. Redfield's views in regard to the Atlantic hurricanes of t»*- 
northern hemisphere. 
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The researches of CoL Reid, ^ ^ 

the Governor of the Bermudas, 
have likewise shown, that the 
storms and tempests of the 
southern latitudes are v<isi 
whirlwinds ; moving, however, 
in a different manner from the 
hurricanes of the northern hem- 
isphere. Thus, south of the 
equator^ the general course of 
the hurricanes is from the north- 
east to the south-west^ within 
the southern tropic; but after 
passing this limit they proceed 
irom the north-west to the south- 
east ; revolving from left to 
right, in the same way as the 
sun; a fact previously conjec- 
tured by Mr. Redfield. (See 
fig. 8.) 

The hurricanes of the southern 
hemisphere frequently occur in obnbral direction and rota- 

*L ' ' -4. ^/ ■iiyr^,,«:*:.,„ ^^.j "on op httrrioanbs in thh 

the vicmity oi Mauntius and soutb^rn hehxsphbrb. 
Madagascar. 

121. Path op the Storm. The distance traversed 
by these desolating tempests is immense. The memo- 
rable gale of August, 1830, which fell upon St. Thomas, 
in the West Indies, on the 12th, reached the Banks of 
Newfoundland on the 19th ; having traveled more than 
three thousand nautical miles in seven days ; and the 
observed track of the Cuba hurricane of 1844 was but 
little inferior in length. 

122. Velocity. Their progressive velocity varies on 
the Atlantic Ocean, from seventeen to thirty miles per hour ; 
but at certain portions of the track it is sometimes much 
higher ; as in the case of the Cuba hurricane, where the 




State Col. Reid'8 views in respect to those of the southern. 
What is said of the distance traversed by hurricanes 1 
What of their progressive and rotary velocity 1 
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average rate from the Bahamas to 45^ N. Lat. was forty 
miles per hour. Distinct from the progressive is the ro- 
tary velocity, which increases from the exterior bomidary 
to the centre of the storm, near which point the tempest 
rages with terrific force ; the wind sometimes blowing at 
the rate of one hundred miles per hour. 

123. Diameter. The surface simultaneously swept 
by these tremendous whirlwinds is a vast circle, varying 
from one hundred to five hundred miles in diameter ; 
but even the greatest of these dimensions was exceeded 
in the Cuba hurricane, for its breadth was computed by 
Mr. Redfield to be at least 800 miles, and the area 
over which it prevailed, throughout its whole length, 
2,400,000 square miles; an extent of surface equal to 
two-thirds of that of all Europe, 

124. The rotary character of the hurricane accounts 
for the frequent changes that occur in the direction of 
the wind ; since, in order to preserve a circular motion, 
there must be a constant deflection from a straight 
course, and, at corresponding points in each half of the 
storm, the gale will blow from opposite quarters. The 
changes thus caused, will be perceived at any spot over 
which this fearful visitant passes. 

It also explains the fact, that the violence of the wind 
increases towards the centre, and that, within the very 
vortex of the hurricane, the air is in repose. Here oc- 
curs that awful calm, described by mariners as the lull 
of the tempest, in which it seems to sleep, only to gather 
strength for mightier conflicts. 

125. Cases. Numerous instances of the facts above 
mentioned might be adduced, but one or two will sufi&ce. 
In the Antigua hurricane of 1837, described by Col. 
Reid, it appears that Capt. Newby of the Water Witch, 
first experienced its effects at St. Thomas, in the West 
Indies, on the morning of the second of August. The 
wind was then N. N. W., and at three in the afternoon 

How great is their breadth 1 
How great the sur&ce over which they prevail 7 
What facts are ezpkiined by the rotation of the storm 7 
Give instances. 

3» 
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became violent. At five P. M. it blew a severe gale, 
and at seven P. M., says Capt. Newby, " a hurricane 
arose beyond description dreadful. Soon after a calm 
succeeded for about ten minutes, and then, in the most 
tremendous screech I ever heard, it recommenced from 
the S. and S. W. At two o'clock on the morning of the 
third, the gale somewhat abated, and the barometer rose 
an ifich. At daylight, out of forty vessels, the Water 
Witch and one other were the only two not sunk, 
ashore, or capsized." 

126. On the 12th of August, 1837, another hurricane 
commenced, in the same region, in 17° N. Lat. and 53° 
45' W. Lon. At midnight on the 18th, in 31° N. Lat., the 
ship Rawlin, Capt. Macqueen, appears, according to 
Col. Reid, to have been in the very vortex of the storm. 
On the 17th, the wind blew strong from the N. E. by 
E. for twelve hours, then suddenly changed to the north, 
blowing with undiminished violence till the 18th at 
midnight when, in an instant, a perfect calm ensued for 
the ^ace of one hour ; then, " quick as thought, the hur- 
ricane sprung up with tremendous force from the S. W. ; 
no premonitory swell of the wind preceding the convul- 
sion." During the gale, the barometer was almost in- 
visible in the tube above the framework of the instru- 
ment. 

The sudden and extraordinary transition detailed in 
the cases just cited, are fully explained by supposing, 
that the vessels passed from one side of the whirl to the 
other, through the vortex of the tempest. 

127. Fall op the Barometer. If the hurricane 
is indeed a vast whirlwind^ the atmosphere, constituting 
the body of the storm, will be driven outward from the 
centre towards the margin (C. 171), just as water in a 
pail, which is made to revolve rapidly, flies from the 
centre, and swells up the sides. But the pressure of 
the atmosphere, beyond the whirl, checking, and resist- 
ing this centrifugal force, at length arrests the outward 
progress of the aerial particles, and limits the storm. 

If the hurricane is a whirlwind, in what manner should the baroiQeter 
fidlandrisel 
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We should consequently expect to find (in accordance 
with the laws of circular motion) the density of the air 
increasing from the centre to the circumference of the 
storm, and even for some distance beyond its boundary ; 
and likewise, that when a hurricane passed diametric- 
ally over any region, the atuiospheric pressure would 
decrease, and the barometer continue to sink^ during the 
first half of the storm ; but that the instrument would 
gradually rise, as the last half passed over. Such 
indeed is the case ; f^r, amid all the phenomena of 
storms, no fact is better established than this, that an 
extraordinary depression of the barometer in tropical 
climates is a sure forerunner of a hurricane. 

128. Before the tempest of Aug. 2cl, 1837, the harbor- 
master of Porto Rico warned the shipping in port to 
prepare against a storm, as the barometer was falling in 
an unusual manner ; having sunk one and a half inches 
since 8 o'clock in the evening of the preceding day. 
All precautions were however in vain ; thirty-three ves- 
sels at anchor were destroyed, and, at St. Bartholo- 
mews, two hundred and fifty buildings levelled to the 
earth. The following table of observations, taken at St. 
Thomas, over which island this hurricane passed, is full 
of instruction in regard to this important point. 



Is this the case 1 Relate the instances given. 
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130. In the case of the Water Witch, we have seen, 
that, when the centre of the tempest was past, and the 
gale abated, the barometer rose an inch. 

131. Circuit Sailing. The gymtory motion of hur- 
ricanes is strikingly evinced by vessels sailing on a cir- 
cular course, when scudding before the wind. The 
most remarkable case is that of the Charles Heddle, 
related by Mr. Piddington, which occurred in a storm^ 
near Mauritius, in Feb. 1845. 

It appears from the log-book of this ship, that, in her 
course before the gale the wind changed completely 



What example is given of circuit sailing? 
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round five times in the space of one hundred and seven- 
teen hours, having an average velocity of eleven miles 
and seven-tenths per hour. The whole distance thus 
sailed by Ibe vessel was thirteen hundred and seventy- 
three miles ; while her actual progress during this time 
in a south-westerly direction, was found to be oiily three 
hundred and fifty-four miles, 

132. Axis op the Hurricane. The axis of the 
hurricane is not, necessarily, upright, but is usually in- 
clined to the horizon ; leaning in the direction which 
the tempest takes. This is owing to the friction of the 
base of the hurricane against the surface of the earth. 
Its velocity is thus checked, while the upper portion is 
driven forward, and overhangs the base. 

This position of the axis is indicated by the circum- 
stance that the tokens of the approaching tempest often 
appear in the higher regions of the atmosphere, before 
it is felt below. The navigators of the tropic seas some- 
times behold, high in the air, a small black cloud ; 
rapidly it spreads down to the horizon, shrouding sea 
and sky, and the tempest then suddenly descends upon 
them in all its fury, 

133. Remarks. Such are the opinions entertained 
by Redfield, Reid, Dove, and others, in regard to storms 
and hurricanes ; opinions based upon a vast assemblage 
of facts and observations, gathered from all points, 
within the track of a great number of these desolating 
gales. The numerous observations taken upon the 
American coast, commensurate with the extent of the 
Atlantic tempests, have been systematized by Mr. W. 
C. Redfield, of New York ; while Col. Reid has investi- 
gated the West India hurricanes, and those of the 
southern hemisphere, with great success. The log- 
books of the British navy, in which the phenomena of 
the weather are recorded every half hour, have been 



What is the position of the axis of the hurricane 7 
How is it caused 1 

How is this position sometimes indicated 1 
Detail the labors of Redfield, Reid, and Dove. 
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placed at his disposal, and he has thus been furnished 
with an immense collection of valuable facts. Prof. 
Dove, of Berlin, has studied the laws of hurricanes in 
Europe, and gathered a large number of observations 
from every quarter of the globe. By noticing the time 
and place of each observation, storm-chajts have been 
constructed for the use of mariners, and it is highly in 
favor of the rotary theory, that the conclusions result 
ing from these extensive and independent investigations 
are substantially the same. 

134. Esp y's Theory. The rotary character of hur- 
ricanes, including tornadoes and water-spouts, is how- 
ever denied by Mr. Espy, of. Philadelphia, who main- 
tains that the wind Mows from every quarter towards 
the centre of the storm. Espy asserts, that this law ob- 
tains without a single exception, in seventeen storms 
which he has investigated. The influx of wind towards 
the centre, he supposes to be caused by the development 
of heat, which occurs whenever atmospheric vapor is 
condensed in the form of a cloud. The heat, thus dis- 
engaged, rarefies the surrounding air, and establishes 
an upward current ; and so great an expansion is be- 
lieved, at times, to result from this cause, that the ve- 
locity of the ascending current has been computed to 
exceed three hundred and fifty feet per second. 

To this point of greatest rarefaction, the atmosphere 
rushes in from every side, just as the air of a room 
flows towards the heated current of the chimney; the 
violence of the wind depending upon the rate of speed 
in the ascending column. Most of the phenomena of 
meteorology are also explained by Mr. Espy in accord- 
ance with his peculiar views. 

135. The centripetal theory has found many able 
supporters ; but that of Redfield and Reid has been 
more generally adopted by men of science. 

136. It may perhaps be found, when our investiga- 
tions are multiplied and more extended, that both these 

Detail Mr. Espy's theory. 
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May these two motions co-exist 1 
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motions often co-exist ; a circumstance which is by no 
means impossible. For when a whirlwind is once in 
motion, from any cause whatsoever, the great rarefac- 
tion of air that occurs at the centre, will create an 
influx of the atmosphere towards this point from all 
quarters, except where it is opposed by the centrifugal 
force. Now if the base of the whirl is above the sur- 
face of the earth, or when touching it, is inclined to it, 
(which is usually the case,) currents of air will flow 
beneath the base towards the vortex, and evidences of 
centripetal action will not be wanting. 



CHAPTER III. 

OF TORNADOES OR WHIRLWINDS. 

137. Tornadoes may be regarded as hurricanes, dif- 
fering chiefly in respect to their extent and continuance. 
They last only from fifteen to sixty or seventy seconds, 
their breadth varies from a few rods to several hundred 
yards, and it is probable that the length of their track 
rarely exceeds twenty-five miles. 

138, Facts. This phenomenon is usually preceded 
by a calm and sultry state of the atmosphere ; when sud- 
denly the whirlwind appears, traversing the earth with 
great velocity, and sweeping down by its tremendous 
power the mightiest products of nature, and the strongest 
works of man. Ponderous bodies are whirled aloft into 
the air ; trees of large dimensions twisted off or torn up 
by the roots ; buildings of the firmest construction pros- 
trated, and streams whirled from their beds and their 
channels laid bare. A whirlwind that occurred in 
Silesia, in the year 1820, carried a mass weighing more 
than 650 lbs., jS/]?y feet above the top of a house, and 
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deposited it on the othe^ side in a ditch, one hundred 
and fifty paces distant. 

139. In 1755 a tornado fell upon the village of Mira- 
beau, in Burgundy, laying dry the channel of the small 
river by which it is traversed, and carrying the stream 
to the distance of sixty paces. In the New Haven 
whirlwind of 1839, and in that which occurred at Chate- 
nay, near Paris, during the same year, trees eighteen 
inches in diameter were torn up by the roots. In one 
which happened at Maysville, Ohio, in 1842, a bam 
containing three tons of hay andyimr horses, was lifted 
entirely from its foundations. And such was the force 
of the wind during a tornado which occurred at Cal- 
cutta in 1833, that a bamboo was driven quite through 
a wall five feet thick, covered with masonry on both 
sides ; an effect which was estimated, by a person on 
the spot, to be equal to that produced by a cannon car- 
rying a six-pound ball. 

By the action of a tornado, fowls are often entirely 
stripped of their feathers, and light substances carried 
to a distance varying from two to twenty miles. 

140. The whirlwind is attended by all the usual 
phenomena of thunder-storms ; showers of hail fre- 
quently occur, and, at times, it is the scene of very 
extraordinary electric appearances. In the one which 
happened at Morgan, Ohio, on the night of the 19th of 
June, 1823, a bright cloud of the color of a glowing 
oven, and apparently half an acre in extent, was seen 
moving below the dark canopy of the tempest. It shone 
with a splendor aho\jd that of the full moon, and ten 
minutes after its passage, the naiTator of the phenomena 
was enabled to read his Bible by its light. Just before 
the Shelbyville tornado, which took place at midnight, 
on the 31st of May, 1830, two luminous clouds were 
seen approaching each other, of the color of red hot 
iron ; for a moment they united above the town, ex- 
tending over it like two fiery wings, and, at the next, 
rushed down to the earth : at this instant the whirlwind 
burst in all its fury upon the devoted spot. The writer 

What extraordinary appearances are sometimee seen 1 
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of this work was informed by an eye-witness, that, dur- 
ing the prevalence of the storm, so incessant was the 
play of tne Ughtning, that the titles of books could be 
easily read, and the use of lamps was discarded in going 
to different parts of the house. 

141. Origin. Several theories have been advanced 
to explain the causes of whirlwinds, but they are sup- 
posed to be generally produced by the lateral action of 
opposing winds, or the influence of a brisk gale upon a 
portion of the atmosphere in repose ; in a manner anal- 
ogous to the eddies that arise at the junction of two 
streams, flowing with unequal velocities, or the air- 
whirls that occur, when a wind sweeps by the corner of 
a building, and strikes the calm air beyond it. 

142. The existence of such opposing currents is fully 
proved by the observations of aeronauts, as well as by 
those of observers at the surface of the globe. 

The whirl appears to originate in the higher regions 
of the atmosphere, and as it increases in violence, to 
descend ; its base gradually approaching until it touches 
the earth. 

Thus, when on the summit of the Rigi — a mountain 
in Switzerland — Kaemtz beheld two masses oS fog ap- 
proaching each other, in the valley of Groldan, while the 
air around him was calm, and the sky serene. As soon 
as they united, a gyratory motion was perceived, the 
fog rapidly extended, accompanied with violent gusts of 
rain and hail. At the same time, (as appeared from 
subsequent information,) a furious storm fell upon the 
lake of the Four Cantons, &r below ; in the midst of 
which a water-spout was seen. (Art. 150.) 

143. Whirlwinds excited by fires. Extensive 
conflagrations have been known also to produce whirl- 
winds, in consequence of the strong upward current, 
resulting from the great expansion of the heated air. 

A remarkable instance oi this kind occurred between 
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Great Barrington and Stockbridge, Mass., in the month 
of April, 1783, and is thus related by Mr. T. Dwight, 
who beheld it. " In an open field, a large quantity of 
orush-wood was lying in rows and heaps for burning, 
perfectly dry and combustible. On a certain day, when 
the atmosphere was entirely calm, the brush was ignit- 
ed on all sides of the field at once. I was residing at 
this time, at the distance of about half a mile from the 
fire, when suddenly my attention was aroused by a loud, 
roaring noise, like heavy thunder. Upon going to the 
door, I beheld the fire covering the field, and the flames 
collected from every side into di fiery column^ broad at 
the base, tapering upward, and extending to the height 
of 150 or 200 feet. This pillar of flame revolved with 
an amazing velocity, while from its top proceeded a 
spire of black smoke, to a height beyond the reach of 
the eye, and whirling with th« same velocity as the fiery 
column. During the whole period of its continuance, 
the column of flame moved slowly and majestically 
around the field. The noise of the whirlwind was 
louder than thunder, and its force so great, that trees 
six or eight inches in diameter, which had been cut, 
and were lying on the ground, were whirled aloft to the 
height of forty or fifty feet." 

144. During the terrible conflagration of Moscow, in 
1812, the air became so rarefied by the intense heat, that 
the wind rose to a frightful hurricane ; the roar of the 
tempest being heard even above the lushing sound of 
the conflagration. 

145. Results of Centrifugal Action. By the 
centrifugal action of the whirl, the air is driven outward^ 
as in the case of hurricanes, and at the same time spi- 
rally upwards^ on account of the pressure of the sur- 
rounding atmosphere: a great rarefaction, therefore, 
occurs at the centre. As long as the base of the whirl- 
wind is above the ground, the warm air of the earth 
will stream under and upwards^ into this partial void, 
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from every quarter ; while, at the same time, the cold 
air will descend into it from the higher region of the 
atmosphere. 

By this union, a powerful condensation of vapor oc- 
curs ; causing the precipitation of rain and hail, and 
the development of electricity. 

146. These, however, constitute no essential part of a 
whirlwind ; for, if the currents of air that give rise to 
this phenomenon are very dry, the violence of the wind 
is the only remarkable circumstance. This was shown 
in the case of a small whirl, which involved two persons, 
who were going one cloudy day from Halle to Gie- 
bichenstein. Suddenly they were separated by a gust 
of wind ; one being driven against a wall, and the other 
thrown into a field ; while the people who were near 
had not discerned the slightest disturbance in the at- 
mosphere. 

147. When the base of the whirlwind descends to the 
earth, it touches the surface, either partially or wholly, 
according as the axis is inclined or vertical. In the first 
case, the inward flowing currents will be partially^ and 
in the second entirely^ arrested by the centrifugal action 
of the storm. 

The same results often occur when it covers a build- 
ing. Hence, the atmosphere becomes exceedingly rare- 
fied, both above, and around the edifice ; and if it hap 
pens to be closed, and the tornado is violent, its walls 
will be burst outward by the sudden expansion of the 
air within, (C. 509.) Just as a sealed bottle of thin glass, 
under the exhausted receiver of an air-pump, is shivered 
by the elastic force of the enclosed air. 

148. Effects of Expansion. In the tornado that 
happened at Natchez, in 1840, the houses exploded 
wherever the doors and windows were shut; the roofs 
shooting up into the air, and the walls, even of the 
strongest brick buildings, bursting outward with great 
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force; but no such destruction occurred when a free 
outlet was afforded to the air within. One gentleman 
as the storm approached, caused all the windows and 
doors of his house to be opened, and though its struc- 
ture was frail it experienced no injury ; not even a 
single pane of glass being broken. 

149. On the 18th of June, 1839, a whirlwind (to 
which we have alluded) fell upon the village of Chate- 
nay, near Paris. In the room of a house, over which it 
passed, several articles of needlework were lying upon 
a table : the next day some of them were found in a 
field, at a great distance from the house, together with a 
pillow-case taken from another room. They must have 
been carried up the chimney by the rush of air out- 
wards, as every other means of exit was closed. An- 
other singular illustration of the fact before us took 
place in the Shelb3rville tornado. Soon after its occur- 
rence, a lady missed a bonnet, which, the day before 
the storm, was lying enclosed in a bandbox in her cham- 
ber ; some weeks afterwards, she accidentally observed 
a ribbon hanging from the chimney, which proved to be 
the string of her bonnet The house had been closed 
during the storm, and the expansion of the air within 
the bandbox had forced off the lid — the lost article had 
been borne by the outward flowing current up the chim- 
ney, which afforded the only mode of egress, and there 
it had lodged. "^ 



CHAPTER IV. 

WATEK-8P0UT8. 

150. A WATER-SPOUT is a whirlwind over an ex- 
panse of water, cw? the seek or a lake, differing from a 
land-whirl in no other respect than thai water is sub- 
jected to its action, instead of the bodies upon the sur- 
face of the earth. 

151. A water-spout usually presents the following 


Define a water-spout. 
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successive appearances. At first it is eeeu as an tavert- 
ed cone, eltlier straight or slightly curved, extendiDg 
downward from a dark cloud to which it seems to be 
attached. As the cone approaches the surface of the 
water, the latter becomes violently agitated, and, rising 
in spray or mist, is whirled round with a rapid motion. 
As the cone descends lower the spray rises higher and 
higher, until both unite, and a continuous column is 
formed extending from the water to the clouds. 

The spout ia now complete, and appeara as an im- 
mense tube, possessing both a rotary and progressive 
motion ; bending and swaying under the action of the 
wind as it advances on its course. 

When the observer is near, a loud, hissing noise is 
heard, and the interior of the spout seems to be traversed 
by a rushing stream. 

After continuing a short time the column is disunited, 
and the dark cloud gradually drawn up ; for a while a 
thin, transparent tube remains below, but this at last ia 
also broken, and the whole phenomenon then disap 
pears. These successive changes are represented in 
figures 9, 10, 11, which are taken from sketches of water- 
spouts actually seen. 

Fig. B. 
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152. Pacts. A water-spout occurred at Cleveland, 
Ohio, in September, 1835, which, from the description, 
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well illustrates the origin and characteristics of this phe- 
nomenon. "A heavy storm-cloud, driven by a north-, 
west gale, was met by a strong opposing current; 
when an arm of the cloud appeared to drop down, and 
drag the waves up towards the sky. The whirling and 
dashing of the spray at the surface of the lake, and the 
column of water and mist extending, in a tall and tor- 
tuous line, to the cloud, were so well defined as to ex- 
cite the admiration of all who observed them. At the 
expiration of about seven minutes, the north-wester tri- 
umphed, and swept the cloud to the south-east of the 
city." y 

153. The water-spout does not always pass through 
the various changes that have been detailed ; sometimes 
the upper portion only is developed, depending from a 
mass of black clouds, like a huge, tapering trunk, with- 
out ever reaching the water ; at other times, nothing is 
seen but the cloud of spray and mist that forms the base. 
On the voyage of the Exploring squadron from New 
Zealand to Tongataboo, a spout was beheld in the act 
of forming, at the distance of about half a mile. A cir- 
cular motion was distinctly perceived, the water flying 
off in jets from the circumference of a circle, apparently 
fifty feet in diameter. A heavy, dark cloud hung over 
the spot, but no descending tube appeared, nor was there 
any progressive motion. In a short time the cloud dis- 
persed, and the surface of the sea resumed its former 
state. 

154* It is by no means uncommon for several water- 
spouts to appear at the same time. In May, 1820, 
Lieutenant Ogden beheld, on the edge of the Gulf stream, 
no less than seven in the course of half an hour : vary- 
ing in their distance from the ship from two hundred 
yards to two miles. 

155. Dimensions. The diameter of the spout at its 
base ranges from a few feet to several hundred, and its 
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altitude is supposed by some to be at times as great as 
a mile. In the account given by the Hon. Capt. Napier, 
of a spout which he beheld in 30° 47' N. Lat., and 62° 
40' W. Lon., the diameter was judged to be 300 feet ; 
and the height of the column to the point where it en- 
tered the hanging cloud, was computed, from observa- 
tions taken by the quadrant, to be 1720 feet, or nearly 
one-third of a mile. 

156. Popular error. It is a common belief, that 
water is dravm up by the action of the spout into the 
clouds ; but there is no proof, whatever, of a continuous 
column within the whirling pillar, and the fact, that the 
water, which sometimes falls from a spout upon the 
deck of a vessel at sea is always fresh, suflSciently re- 
futes the idea. The torrents of rain, by which this phe- 
nomenon is often accompanied, can be fully accounted 
for by the rapid condensation of vapor that occurs, when 
the warm, humid air of the sea flows inward to the 
vortex of the whirl, and there combines with the cold 
air of the upper regions of the atmosphere, which de- 
scends to fill the partial void. From this union the 
electric phenomena of w^ater-spouts arise, and the vio- 
lent hail-showers that at times prevail ; the mode, how- 
ever, in which they originate, will be explained here- 
after. 

When a vessel is in the vicinity of water-spouts, can- 
non shots are usually fired for the purpose of destroying 
them ; lest the vessel should be injured if a spout were 
to pass over it. It is not improbable that such an effect 
may be produced when the spout is either struck by the 
balls, or violently agitated by the concussion of the air 
arising from the discharges. 

157. Sand Pillars. Another form of the whirlwind 
is exhibited in the pillars of sand, which are not unfre- 
quently seen in the deserts of Africa and Peni. Bruce, 
on his journey to Abyssinia, beheld eleven vast columns 
of sand of lofty height, moving over the plain at the 

What popular error exists in regard to this*phenomenou 1 
For what purpose are cannon discharged 1 
Where do sand pillars occur? 
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same timt. ; some with a slow and majestic motion, and 
othei*s with great velocity. Now, with their summits 
reaching to the clouds, they rapidly Approached the 
terrified observers, and, the next moment, were borne 
away by the wind with incredible swiftness. 

Their tops, at times, were seen separated from the 
main pillars, and the latter were often broken in two, as 
if struck by a cannon shot : the diameter of the largest 
was about ten feet. 

While Mr. Adanson was crossing the river Gambia, a 
sand-whirl, twelve feet in breadth and two hundred and 
fifty in height, passed within forty yards of his boat. 

158. The same phenomena are seen upon the Peru- 
vian coast. " The sand," says Dr. Tschudi, " rises in 
columns from eighty to one hundred feet high, which 
whirl about in all directions, as if moved by magic. 
Sometimes they suddenly overshadow the traveler, who 
only escapes by rapid riding." 

169. Beneficial effect of Winds. The utility 
of winds must be evident to all. By their aid vast oceans 
are crossed, and the products of distant climes wafted 
from shore to shore. Different nations are linked to- 
gether by social and commercial ties, the blessings of 
civilization diffused, and the glad tidings from a better 
world borne to every land. 

The growth and decay, both of animal and vegetable 
life, vitiates the atmosphere, and renders it unfit for 
respiration ; but the winds prevent the deadly effects 
that would fiow from this source, and the air becomes 
pure and salubrious, from its constant circulation. 

Even the fierce tempest may be a messenger of mercy, 
by sweeping from the air the seeds of pestilence and 
contagion. 

The advantage of winds in distributing moisture to 
the earth, will be seen in the following pages. 

Describe those seen by Bruce and Adanson. 

What does Dr. Tschudi relate 1 

What are the advantages arising from winds 7 



PART III. 



AaUEOUS PHENOMENA. 



CHAPTER L 

OF RAJN. 

160. Rain is produced by the rapid union of two or 
more volume's of humid air, differing considerably in 
temperature ; the several portions in union being inca- 
pable of holding the same amount of moisture that 
each can separately retain. 

This circumstance is the result of the law, that the 
capacity of the air for moisture decreases at a faster rate 
than the temperature. 

161. This effect may be thus illustrated : 4000 cubic 
inches of air, at the temperature of 86° Fah., can con- 
tain no more than 31^^ grains of moisture, and an equal 
volume, at 32° Fah., only Tfth grains. Now, if the two 
volumes are mingled together, their average temperature 
will be 59° Fahrenheit, and the weight of moisture they 
unitedly possess will be 39f th grains. But, at this tem- 
perature, 31^ grains is all the moisture that 8000 cubic 
inches of air can possibly retain ; since the^r^^ portion, 
by its union with the second, diminished its capacity 
one-half, while that of the latter was only doubled. The 
excess, therefore, of 7^ grains will be condensed, and 
descend in the form of water. 
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162. Raia is the result of such combinations on an 
extensive scale, and the quantity that fails at any par- 
ticular lime or place, depends upon the difference in the 
several temperatures of the combining volumes, and the 
amount of moisture )vhich each separately possesses. 

163. Winds are the great natural agents by which 
such combinations are effected, and these occur most 
readily, when the currents of air are shifting and vari- 
able. Constant winds, blowing steadily from the same 
quarter and possessing an unchanging temperature, can 
produce no such admixture, and they are consequently 
attended with dry weather ; except in the case where 
they strike the sloping sides of lofty mountains, carrying 
the warm air of the sea and the vales far up into the 
colder regions of the atmosphere. 

164. Rain-gauge. The quantity of rain that falls at 
any station during a given time, is ascertained by means 
of the rain-gauge, an instrument which is constructed 
in a variety of ways. 

One of the best consists of a cylindrical, copper vessel, 
furnished with a float ; the Tain falling into the vessel 
raises the float, the stem of which is so graduated that 
an increase in depth, to the extent of one-hundredth of 
an inch, can easily be measured. 

The greatest annual depth occurs at San Luis, Ma- 
ranham, 2*^ 30' S. Lat. ; and Vera Cruz ranks next in 
this respect. At the former place, 280 inches have been 
observed to fall in the course of a year, and at the latter 
278 inches. 

165. Distribution op Rain in Latitude. Since 
the capacity of the air for moisture increases with its 
temperature, we should naturally infer, that the higher 
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the mean teraper&ture of any region, the greater would 
be the amount of rain which descends upon it. 

This is true as a general rule, for the annual depth 
of rain is found to decrease with the increase of latitude, 
as will be seen from the annexed li^t of ssven localities, 
where the rain has been measured. 





North Latitude. 


Annual depth of Rain in inches. 


Grenada, . . 


12° 


126 


Cape Francois, 


19° 46' 


120 


Ca cQtta, . . . 


22° 35' 


81 


Rome, . . . 


41° 54' 


39 


London, . . . 


51° 31' 


25 


St. Petersburg, 


59° 56' 


16 


Uleaborg, . . 


65° 1' 


13.5 



1C6. Exceptions. Although this general relation 
to latitude exists, it is by no means to be supposed, that 
the same amount of rain descends yearly upon all re- 
gions lying within the same parallels ; local causes will 
have their influence, and create, in many cases, extra- 
ordinary departures from the common rule. Thus, 
Bombay and Vera Cruz possess, nearly, the same position 
in latitude ; but while at the former city, the annual depth 
of rain varies from 61 to 112 inches, that of the latter 
ranges from 120 to 278 inches. 

This is owing lo the following circumstances. Vera 
Cruz is backed by a chain of lofty mountains, rising be- 
yond the limits of perpetual frost, and hither the hot and 
humid tropical air is constantly driven by the trade 
winds, as they sweep from the sea. Hence a great and 
sudden reduction of temperature occurs amid these icy 
regions, and the air, no longer capable of absorbing its 
vast stores of moisture, precipitates an immense quantity 
of rain. 

167. At Bergen, in Norway, it has also been found, 
that in consequence of the moist south-west winds be- 
ing checked in their course by the mountains, more than 
88 inches of rain descend in a year : a quantity greater 



Illustrate. 
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N. btitude. 


Mean umual number of ninr dajrt. 


12° to 43° 


78 


43° " 46° 


103 


46° « 50° 


134 


50° " 60° 


161 
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than that which falls at Calcutta during the same 
period. 

168. Days of Rain. Though the annual amount of 
rain is greater in the low than in the high latitudes, the 
rainy days are not so numerous ; as appears by the fol- 
lowing table, which presents the average yearly num- 
ber, within the latitudes indicated. 

From 

(( 
<( 

169. Prom this circumstance we should readily con- 
clude, that the ordinary rains of the tropical climes 
must he more powerful than those of the temperate re- 
gions ; en inference which coincides with observation ; 
for it is stated by Mr. Scott, that at Bombay, there once 
fell, during the first twelve days of the wet se'^son, thirty- 
two inches of rain, a quantity equal to the yearly ave- 
rage of England. 

170. This fact is also shown by the sudden rise of 
brooks and rivulets ; a remarkable instance of which is 
related by Mr. Elphinstone, in the account of his mis- 
sion to Cabul. It occurred between the Indus and Hy- 
daspes, and is thus described. " On one occasion, the 
rear-guard, with some of the gentlemen of the mission, 
were cut off from the rest by the sudden swelling of a 
brook, which had been a foot deep when they began to 
cross. It came down with surprising violence, carrying 
away some loaded camels that were crossing at the 
time, and rising about ten feet within a minute. Such 
was its force, that it ran in waves, like the sea, and rose 
against the bank in a ridge, like the surf on the coast of 
Coromandel." 

• 

171. Distribution in Altitude. The great stores 
of atmospherical humidity reside in the inferior strata 
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of the air, and, for this reason, less rain descends upon 
lofty table-lands and mountains^ thaii upon regions 
situated lower down in the same latitude. 

Thus, in India, on the Malabar coast, twelve degrees 
from the equator, tiie annual depth of rain is 136 inches ; 
while at Ootacarnund, in the Nhilgerries, a region lying 
a short distance to the east, in the same latitude, but 
8500 feet above the ocean, the yearly amount of rain is 
only 63.88 inches. Likewise, at Sante Fe de Bogota, 
New Grenada, a city that enjoys an elevation of 8,800 feet, 
in the fourth degree of north latitude, the annual quan- 
tity of rain is nearly the same as that which falls in 
Germany, which is about twenty-one iiiches. 

Even slight variations in altitude cause* perceptible 
differences in the quantity of rain. At the Paris Observa- 
tory, a rain-gauge is placed in the court, and another 
upon the terrace, eighty-nine feet above. The mean 
annual depth of the rain which fell in the court for a 
space of ten years, was found to be 22.44 inches, and 
of that which descended upon the terrace during the 
same period, only 19.68 inches. 

172. Rain upon Coasts. We have remarked, that 
the air above the ocean is always saturated, and that its 
humidity decreases as we penetrate from the sea-shore 
into the interior of a country. Conformably to this law, 
other things being equal, more rain descends upon the 
coasts than upon the central regions of a country ; inas- 
much as a less reduction of temperature will here pro- 
duce a precipitation of moisture. 

Besides, when the warm, humid air is borne inland by 
the winds from the sea, its course is marked by descend- 
ing showers, and its inherent moisture decreases with 
its progress. Thus, on the west coast of England, 37 
inches of rain fall in the course of a year ; w^hile in the 
interior, upon the eastern side, the annual depth is 25 
inches. The maritime and inland regions of France 



Give the rule in regard to distribution in altitude. Illustrate. 
Compare the rain upon coasts and inland regions. 
Why is there a difference 1 Give instances. 
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and Holland differ, in this respect, one inch. In this 
country, the yearly average fall of rain at Boston, for a 
period of 22 years, is 39.23 inches ; at Hanoverj New 
Hampshire, 38 inches ; in New York State, 36 inches ; 
and in Ohio, 36 inches. A diminution occurring as we 
advance into the interior, notwithstanding the influence 
of the great northern lakes, in the last two instances. 

RAINS WITHIN THE TROPICS. 

173. Upon the ocean, in the region of calms, where 
the gusts of wind are ever changing their direction, tor- 
rents of rain frequently descend. On the land, in all 
places where the trade wind blows constantly seaward, 
no rain falls, and the sky is always gerene ; but, wher- 
ever disturbances occur in this current and the mon- 
soons prevail, the rains are periodical^ and the year is 
divided into two sea>sons, the wet and the dry. These 
are so marked in their character, that whole months 
pass away without a cloud obscuring the sky, or miti- 
gating the fierce heat of the sun : then the face of na- 
ture entirely changes, the heavens gather blackness, the 
rain comes down like a deluge, and the parched earth 
is refreshed, for many successive weeks, by copious 
showers. 

174. Rainy Season. The rainy season commences, 
in all the countries within the tropics, at the shifting of 
the monsoons; and as this change is dependent upon the 
position of the sun, it begins earlier in those regions 
that lie near the equator, than in those more remote. 

At Panama, 8° 48' N. Lat., the rain falls early in the 
month of March; but it seldom appears at St. Bias, 
California, before the middle of June. In Africa, near 
the line, the rainy season begins in April, both upon 
the sea-coast and in the interior ; but in the countries 
watered by the Senegal, it commences in June, and lasts 
till November. 

How are rains distributed within the tropics ? 

How is the year divided where the monsoons prevail 1 

When does the rainy season occur? 

In what regions early 1 In what late ? Illustrate. 
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In India, the rains occur in May, at the southern ex- 
tremity of the Malabar coast, but do not reach Delhi 
until nearly the end of June. 

175. Cause. These stated rains originate in the 
change of the periodical windsj by which the union of 
vast volumes of air, differing in temperature, is rapidly 
effected. The subject cannot be better illustrated, tha^, 
by recurring to the origin of the monsoons of India. (Art. 
106.) Early in the month of June, the soil of the penin- 
sula becomes intensely heated by the vertical rays of the 
sun, and powerful currents of rarefied air then ascend 
from the earth. To supply the deficiency thus created, 
the warm and humid atmosphere of the equatorial seas 
flows in, constituting the south-west monsoon ; this wind 
now mingles with the cool, dry air, which the north- 
east monsoon, for the six previous months, has been 
constantly bringing to the peninsula from the polar 
and temperate cUmes, and thus produces a combination 
favorable to the precipitation of rain, upon a most exten- 
sive scale. 

176. Periodical Rains op India. On the Malabar 
coast, the south-west monsoon is ushered in by terrific 
storms of thunder and lightning, the water pours down 
in torrents, and, when the thunder has ceased, nothing 
is heard for several days but the rush of the descending 
rain, and the roar of the swelling streams. In a few 
days, the storm ceases, and the earth, which before was 
withered by the glowing atmosphere, is now, as if by 
magic, suddenly clothed with the richest verdure ; the 
air above floats pure and balmy, and bright • tropical 
clouds sail tranquilly through the sky. 

After this, the rains fall at intervals for the space of 
a month, when they again return with great violence. 
In July, they attain their height, and from that time 
gradually subside until the end of September, when the 
season closes, as it began, in thunders and tempests. 

177. The following table, the result of the observa- 



How do these rains originate ? 
Describe those ot India. 
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tions of twelve years, shows the mean monthly average 
for the rainy season, at Bombay ; and serves to elucidate 
the preceding remarks. 

Inches. 

June, 24 

July, 23.95 

August, 18.87 

Sept., 14.06 

Oct., 1.06 

178. The south-west monsoon does not, however, 
bring rain to the whole of India. Parallel to the west- 
em coast runs a chain of high mountains, termed the 
Ghauts: here the monsoon is arrested in its com'se, 
and most of the moisture with which it is charged, is 
precipitated, ere it arrives at the central table-land of 
Mysore. On the eastern, or Coromandel coast, its in- 
fluence is not felt, and the seasons are here reversed. 
From March till June, the winds are hot and moist, 
blowing mostly from the south, over the Bay of Ben- 
gal ; from June to October the heat is very great, but 
about the liiiddle of the latter month, the cool, north- 
east monsoon commences, bringing the periodical cains, 
which terminate by the middle of December ; the mon- 
soon continuing to blow until the beginning of March. 

179. Periodical Rains op Congo. We trace the 
rainy and dry seasons of Congo, in the southern hemi- 
sphere, to the same cause. In general, from about March 
to September, no rain descends, but gales from the 
south and south-east temper the burning atmosphere. 
In October, hot and humid winds blow from the north- 
west over the Gulf of Guinea, and the country is then 
flooded by frequent rains, which continue to increase 
until January. Slight showers then fall at intervals 
until March, when the rains recommence and continue 
for a short time. 

Illustrate from the table. 

What is the influence of the Ghauts upon the south-west monsoon 1 

tVhat is said of the seasons on the eastern coast 7 

What wind brings the rains to this region 1 

Describe the periodical rains of Congo. 

4* 
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RAINS IN THE HIGHER LATITUDES. 

180. Beyond the tropics^ the rains no longer occur at 
Mated periods^ but are distributed throughout the sea- 
sons without regard to any law. 

Thus, in the west of England, the amount of rain in 
winter is eight tiines greater than in summer ; but in 
Germany, it is one-half of what falls in summer, and 
at St. Petersburg a little more than one-third. In Italy 
the greatest quantity descends in autumn. There is the 
same irregularity in the number of rainy days; for in 
the west of England, there are more rainy days in win- 
ter than in summei* ; but in Siberia, it rains four times 
as often in summer as in winter. 

181. Rainy Winds. The rains in the higher lati- 
tudes, as well as within the tropics, depend upon the 
changes of the wind ; though one wind may be more 
productive of rain than another, and, in different regions, 
the rainy winds do not always blow from the same di- 
rection. 

In Europe, north of the Alps,' the north-east wind is 
dry and cold, since it sweeps" over the land from the 
higher latitudes ; but the south-west wmd brings the 
rain, for, coming over the Atlantic from southerly 
climes, it is warm and humid, and its capacity for moist- 
ure is constantly decreasing. 

Out of one hundred showers that were noted at Ber- 
lin, scarcely any occurred when the north-east wind pre- 
vailed ; while nearly half were brought by the winds from 
the south- west and vest. Moreover, it rained only once 
for every nine tim^i^ that the easterly winds blew, but 
thrice for the same ziumber of times in which the south- 
westerly breezes predominated. 

182. The reverse of this occurs on the eastern coast 
of the United States, for here the north-east winds give 
rise to the long storms of the fall and spring. At these 
seasons, as appears from the observations of Dr. Hale, 

Where are the rains irregular 1 Give cases. 

What is the rainy wind of Northern Europe 1 

Why is it rainy 7 Give instances. 

Whence comes the rainy wind, on the eastern coast of the United States 7 
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of Boston, continued through a period of twenty>iwo 
years, the winds are colder than the atmosphere of the 
land, and as they come from the sea charged with moist- 
ure, the cause of the rain is readily discerned. 

REGIONS WITHOUT RAIN. 

183. Egypt. In Egypt it scarcely ever rains. At 
Cairo, there is an average of four or five showers a year ; 
hut, as we recede from the coast, it becomes more rare, 
until in Upper Egypt, under the cloudless sky of Thebes, 
a man's life may pass away without his ever beholding 
a single rain. 

184. The cause of this scarcity of rain is to be sought 
in the peculiar conformation of the surface of this counr 
try. It is a narrow valley, bounded by two mountain 
ridges on the ea^t and west; the first prevents the 
moisture exhaled from the Red sea from reaching the 
valley, and, as the African deserts extend beyond the 
western range, no source of rain exists in this quarter. 

185. The northerly winds, which blow from May till 
October, bearing ofl' the vapors of the Mediterranean, 
pass over the whole length of the valley of the Nile, with- 
out meeting any obstruction ; and it is only when they 
are driven up the high range of the Abyssinian moun- 
tains, that they become sufficiently cooled to precipitate 
rain. Here it descends most copiously during the sum- 
mer months, swelling the tributaries of the Nile, and 
producing its annual inundation. 

186. Much of the humidity brought by these con- 
stant winds, can be retained by the atmosphere of 
Egypt, without being precipitated ; since it is far below 
the point of saturation, in consequence of the prevalence 
of hot, dry winds from the desert, (Art. 114,) and the ex- 
treme aridity of the soil; 

So free from moisture is the ground, that myriads of 
human bodies have rested for centuries wit Jiin its bosom, 

m ^. ■ ■■ ■■ ■ ■ — ■ ^ I. ■ ■ ■ . I ■ ■ ■■■■■■■■■ I ■»■■■■— . I 11 I !■ I I 1^^— 

Why is it rainy 1 

What is said of Egypt 7 

Why is it that rain rarely falJs in this country 7 

What is said of the dryness of the soil 1 
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without sufibriag the least decay ; and in a collection of 
^tiquities, now in the British Museum, there is an an- 
cient model of an Egyptian house, the store rooms of 
which, when first discovered, were full of grain that had 
remained uninjured for ages. 

187. Peru. Along the coast of Peru is stretched a 
plain of sand, five hundred and forty leagues in length, 
and varying from three to twenty in breadth, upon which 
no rain descends. So rare is the occurrence of a real 
shower at Lima, that it is a source of terror ; and when 
such an event happens, rehgious processions parade the 
streets, imploring the protection of heaven for their en- 
dangered city. 

The want of rain in this region is thus explained. 
Parallel to the coast of Peru, and at a short distance 
from the sea, extends the lofty range of the Andes, the 
peaks of which rise far above the limit of perpetual frost. 
The constant east wind, sweeping from tne Atlantic 
to the Pacific, across the extreme breadth of. South 
America, gradually ascends the slope of the Andes; 
byt by the time it has passed their summits most of the 
vapors with which it is charged, are precipitated, and it 
comes to the shores of Peru comparatively destitute of 
moisture. 

188. Moreover, as a sandy soil is naturally dry, 
scarcely any evaporation occurs, and the hot air of the 
plains possesses but little humidity. For these reasons, 
the difference in the temperature of two or more com- 
bining volumes of air is rarely suflScient to produce 
rain. 

189. A similar destitution of rain exists on the north- 
west coast of Africa, where the desert of Zahara reaches 
the Atlantic. In this region, intervals of six or seven 
years occur between the showers. 

190. Constant Rains. In Guiana, it rains for a 



What is said of Peru 1 

Is a copious shower regarded as a blessing at Lima 1 

Explain the cause of this scarcity of rain. 

What other region is destitute of rain ? 
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great portion of the year ; nor is this surprising, when we 
reflect that this country is a low and marshy region, over- 
spread with immense forests ; situated but a few degrees 
north of the equator, and subjected to the influence of 
the north-easterly trade. 

The fierce heat of the sun fills the atmosphere with 
vapor, which returns to the earth again in incessant 
showers, as the cool air from the ocean flows in from the 
higher latitudes. 

In the interior, amid the primeval forests, the sun 
and stars are seldom visible, and the rains not unfre- 
quently continue for Jive or six fnonihs, with scarcely 
any intermission. 

191. According to Darwin, rain thus prevails at the 
Straits of Magellan. " At Port Famine," says the writer, 
" we have rounded mountains, concealed by impervious 
forests, which are drenched with rain brought by an 
endless succession of gales : rock, ice, snow, wind and 
\i ater, all warring with each other, here reign in abso- 
lute sovereignty." It is a proverbial saying, in the Isle 
of Chiloe, 43° S. Lat., that it there rains six days of the 
week, and is cloudy on the seventh. 

192. Excessive Showers. The quantity of rain 
that falls during a single shower is sometimes amazing. 
At Cayenne, Admiral Roussin found, on one occasion, 
that ten inches and three quarters fell in the course of 
ten hours. There fell at Genoa, Oct. 25th, 1822, thirty 
inches in twenty-four hours; and at Geneva, on the 
20th of May, 1827, six inches in three hours. In the 
famous Catskill storm of July 26th, 1819, a tub, very 
nearly as large at the bottom as at the top, was filled to 
the depth of fifteen inches and a half in/owr hours. 

193. Rain without Clouds. Singular as it may 
appear, there are yet many well-attested instances of 
showers occurring when the sky was clear. This phe- 
nomenon was several times observed by Humboldt ; and, 

What is said of the rains of Guiana ? What of those at Port Famine 1 
Give instances of excessive showers. 
Does rain ever fall from a cloudless skv'? 
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according to Kaemtx, it happens in Germany twice or 
thrice in a year. On the 9th of August, 1837, a shower 
fell at Geneva, when the sky was cloudless, that lasted 
two or three minutes ; and at Constantinople, rain was 
seen to fall by M. de Neveu, for the space of ten min- 
utes, when the heavens were perfectly serene. Accord- 
ing to Le Gen til, this occurrence is by no means un- 
common in the island of Mauritius, during the preva- 
lence of the south-east winds ; slight showers falling in 
the evening, when the stars are shining brilliantly. 

194. Cause. The following explanation has been 
given of this phenomenon. When raini is produced by 
the intermixture of different volumes of air, the precipi- 
tated moisture usually assumes, at first, the form of 
small globules of vapor ; an assemblage of which in the 
higher regions of the atmosphere constitutes clouds. As 
the process of condensation advances, more moisture is 
precipitated, and the globules uniting in rain-drops, de- 
scend to the earth. Now it is supposed, that, at times, 
the humidity of the atmosphere is condensed at once 
into rain, without passing through the intermediate state 
of cloud ; and under these circumstances a shower might 
fall from a cloudless sky. 



CHAPTER IL 

OP FOGS. 



195. Fogs, or mists, are visible vapors, that float %n 
the atmosphere, near the surface of the earth. 

They originate in the same causes as rain ; viz., the 
union of a cool body of air with one that is warm and 
humid ; when the precipitation of moisture is slight^ 
fogs are produced ; when it is copious, rains are the 
result. 

Give cases. How is this circumstance explained 1 
What is the subject of chapter second 1 Define fogs. 
In what do they originate 1 
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196. Constitution. When a mist is closely exam- 
ined^ it is found to consist of minute globules, and the 
investigations of Saussure, and Kratzen stein, lead us to 
suppose, that they are hollow ; for the latter philosopher 
discovered upon them rings of prismatic colors, like those 
seen upon soap bubbles; (C. 79,) and these could not 
exist if the globule was a drop of water, with no air 
or gas within. The size of these globules is greatest 
when the atmosphere is very humid, and least when it 
is dry. 

DISTRIBUTION IN LATITUDE. 

197. Tro'pical Regions. Fogs are not generally 
common in the equatorial clime, its high mean temper- 
ature being favorable to tlie dissolution of vapor. They 
are however, by no means, unfrequent at certain seasons, 
and in particular localities. 

Thus, in India, just before the commencement and at 
the close of the rainy seaison, when the air contains an 
excess of moisture, but not enough to produce rain, 
clouds of mist so dense and thick obscure the atmos- 
phere, that they are not dissipated until late in the morn- 
ing. 

During the month of December, the towering sum- 
mits of the Abyssinian mountains are also shrouded in 
impenetrable fogs. Peru is remarkable for its misty 
atmosphere, of which we shall soon speak more par- 
ticularly. 

198. Temperate Regions. In the temperate climes, 
mists frequently occur ; but are of comparatively small 
extent. 

199. Polar Regions. In the polar regions they 
spread /ar and wide, over sea and land, and prevail both 
in winter and summer. 

At the beginning of winter, the whole surface of the 
northern ocean steams with vapor, denominated frost 
smoke; but as the season advances, and the cold in- 

What does a mist consist of 1 

Where do fogs prevail least 1 When do they appear in India 7 

Where do they occur frequently 1 Where most 1 
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creases, it disappears. Towards the end of June, when 
the summer commences, the fogs are again seen, mant- 
ling the land and sea with their heavy folds. By the 
middle of summer, these also disappear, to return again 
at the approach of winter. 

So dense are these mists, that they render the naviga- 
tion of the polar seas extremely dangerous, and the nar- 
ratives of the hardy explorers of these inhospitable 
climes are full of the perils arising from this source. 
Simpson, who penetrated by land to the Arctic ocean, 
in 1837, speaks of the dense fog that often involved his 
party in imminent danger, while coasting along these 
ice-bound shores. 

200. Cause. The phenomena of the polar fogs are 
explained in the following manner. During the short 
Arctic summer, the earth rises in temperature with 
much greater rapidity than the sea : the thermometer 
sometimes standing, according- to Simpson, at 71° Fah. 
in the shade^ while ice of immense thickness lines the 
shore. Flowers also bloom at the surface of the ground, 
when the soil is firmly frozen four inches below. The 
air, incumbent upon the land and water, partakes of 
their respective temperatures ; and on account of the 
ceaseless agitations of the atmosphere, a union of the 
warm air of the groutid with the cool air of the ocean 
will necessarily occur, giving rise to the summer fogs. 
But, as the winter approaches, the land becomes colder 
than the sea ; since the heat acquired during the sea- 
son of summer is lost far more slowly by the latter than 
by the former ; and then, upon the warm surface of the 
ocean, will float the frost smoke, as the cool air flows 
down upon it from the adjacent shores. 

LOCAL DISTRIBUTION. 

201. Fogs are found along the course of rivers, upon 
the sides of mountains, and over shoals and capes. It 
is not difiicult to detect the cause of their appearance in 
these situations. 

Describe the polar fogs. Explain the cause of their formation. 
In what localities are mists found 1 
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202. Rivers. The banks of a river, during the night, 
lose more heat by radiation than the stream itself, and 
to the air, which rests upon each, a similar difference in 
temperature is imparted. By the fluctuations of the at* 
mosphere, an intermixture is readily effected ; and the 
superfluous moisture is seen, in the morning, floating iu 
fog over either bank, and tracing in a wreath of jnist 
the devious windings of the stream. Fogs usually oc- 
cur over rivers in the early part of the day ; for the rea- 
son, that soon after the sun rises the equality of tem- 
perature is restored, and the vapor is then rapidly dissi- 
pated. 

203. When Sir Humphrey Davy descended the Dan- 
ube in 1818, he observed^ that mist was regularly 
formed, when the temperature of the air on shore was 
from three to six degrees lower than that of the stream ; 
and, at the junction of the Inn and Ilz with the Danube, 
at six o'clock on a morning in June, he found the distri- 
bution of temperature, and the state of the mist, to be as 
follows. 



Temperature of the air 
over the land. 



54° Pah. 



Temperature of the 
rivers. 



Danube, 62° Pah. 
Inn, 56° 
Ilz, 55° 



state of the atmosphere 
over the rivera. 



Thick fo^ all over. 
Dense mist all over. 
Light mist. 



204. It is not essential to the production of fogs, that 
the air of the stream should be warmer than that of the. 
land ; it may be colder^ and then fogs appear, if the dif- 
ference of temperature is sufficiently great. This is the 
case on the Mississippi. During the spring and fall, 
mists form over the river in the day tim£, when the tem- 
perature of the water is several degrees below that of 
the air above, and the air above cooler than the atmos- 
phere upon the banks. These diurnal fogs, though 
often extremely dense, are chiefly confined to the river, 
and seldom extend beyond its banks. 



Why do they occur along the course of rivers 7 

State Sir H. Davy's observations. 

Under what other circumstances can mists occur 1 



Give instances. 
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205. On the 31st of Dec. 1847', as the writer was 
standing upon a bridge, which crosses one of the tribu- 
taries of the Connecticut, he was unable to perceive a 
mill, 140 yards distant, in consequence of the dense fog 
which covered the river. Upon examination, the tem- 
perature of the water was found to be 32° Pah., and that 
of the air, close by the stream, 46° Fah. : a difference, 
here existing, of fourteen degrees, 

206. Mountains. Fogs appear upon mountains, be- 
cause the warmth of the atmosphere diminishes as we 
ascend, (Art. 51,) and the cool and shady forests, that 
clothe their sides, contribute still further to lower the 
temperature. Hence, when the warm air of the vales 
is gradually driven up by the wind into these regions, its 
capacity for moisture is continually reduced, until at 
length a precipitation occurs, and clouds of mist involve 
both cliff and forest. 

207. At the Mountain-House, on the Catskill range, 
the temperature in summer is ten degrees loioer than in 
the valley of the Hudson : and often when a breeze sets 
towards the mountain, a spectator upon the summit be- 
holds, at first, a wreath of mist extending along the 
base ; soon the lower belt of forest is concealed from 
view, and the fog continuing to ascend, thickening and 
spreading on every side, the landscape ere long is com- 
pletely veiled, and a chilling wind sweeps past, loaded 
with moisture. A fact related by Sir John Herschel, 
affords a striking illustration of the influence of trees in 
condensing moisture. During the residence of this gen- 
tleman at the Cape of Good Hope, he observed, that on 
the side of the Table-Mountain from which the wind 
hlew, the clouds were spread out and deseended very low, 
and often without any rain falling ; while on the oppo- 
site side they poured over the face of the mountain in 
dense masses of vapor. Sir John discovered, when walk- 
ing beneath tall fir trees, while these clouds were closely 
overhead, that he was subjected to a copious shower^ but 
on coming from beneath the trees, the rain ceased. On 

Why do fogs appear upon mountains 1 Illustrate. 
What fact is related by Sir John Herschel 1 
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investigating the cause, he found that the clouds were 
condensed into rain on the cool tops of the trees. 

208. Capes. The reason for the existence of fogs 
over capes and headlands has already been given, in 
accounting for the prevalence of mist in the polar 
cHmes. 

The soil of these places becomes warmer in summer 
than the ocean that waahes their shores ; but in the 
winter J colder ; and the difference in temperature is 
usually sufficient to produce a constant succession of 
mists. 

209. Shoals. A similar state of the atmosphere 
occurs over shoals, inasmuch as their waters are colder 
than those of the main oc^an. Thus, Humboldt found 
near Corunna, that while the temperature of the water 
on the shoals was 54° Fah., that of the deep sea was as 
high as 59° Fah. 

tinder these circumstances, an intermixture of the 
adjacent volumes of air, resting upon the waters thus 
differing in temperature, will naturally occasion fogs. 

210. Newfoundland. Mists of great extent shroud 
the sea on the banks of Newfoundland, and particularly 
near the current of the Gulf Stream. The difference 
in the warmth of the waters of the stream^ the ocean, 
and the banks, fully explains this phenomenon. This 
current, flowing from the equatorial regions, possesses 
a temperature 5^° Fah. above that of the adjacent ocean, 
and the waters of the latter are from 16° to 18° warmer 
than those of the banks. The difference, in tempera- 
ture, between the waters of the stream and banks, has 
even risen as high as thirty degrees. 

211. England. England, surrounded by a warm 
sea, is subject to thick fogs, that prevail extensively in 
the winter. In London they are often so extremely 
dense, that it is necessary to light the gas in the streets 
and houses m the middle of the day. On the 24th of 

Why over capes 7 Why over shoals 7 

How are the fogs of Newfoundland explained 1 

Describe those of England. 



92 AQUEOUS PHENOMENA. 

February, 1832, people in the streets were unable, at 
mid-day, to see distinctly on account of the fog ; and in 
the evening, the city having been illuminated, as this 
day was the birth-day of the queen, boys went about 
with torches, saying, " that they were looking for the 
illumination." Similar fogs have been observed at Paris, 
and Amsterdam. The smoke, arising from the exten- 
sive combustion in such large cities, is regarded, by some, 
as contributing to the density of these extraordinary 
fogs. 

212. Garuas. We have seen, (Art. 187,) that along 
the coast of Peru, the atmosphere scarcely ever possesses 
sufficient moisture to produce rain ; it contains, how- 
ever, enough to create widely extended and continued 
fogs. 

The wintry season, in this country, lasts from April 
to October, and, throughout the whole of this period, a 
veil of mist shrouds aea and shore. At the beginning 
and end of this season, it rises between nine and ten in 
the morning, and disappears about three in the after- 
noon, at the hottest portion of the day. But, during 
the months of August and September, the vapor is ex- 
tremely dense, and rests /or weeks im/movably upon the 
earth. In October and November, the misty canopy 
begins to rise, and gradually growing thinner, at length 
yields to the piercing rays of the sun, and is entirely 
dissipated. 

213. These fogs, termed by the natives, Garuas^ are 
said to be at times so heavy, that the moisture falls to 
the earth in large drops, which are formed by the union 
of small globules of mist. There is, however, this dis- 
tinction, between them and rain-drops ; that the latter 
descend from the more elevated regions of the atmos- 
phere, while the garuas do not extend higher than 
twelve hundred feet ; their average altitude varying from 
seven to eight hundred. 

214. Passing eastward from the Puna table-lands of 
Peru, across the lofty ridges of the Andes, the traveler, 

Describe the Garuas. 

Describe the state of the atmosphere east of the Puna regions. 
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after descending a few hundred feet, arrives at a region 
totally different from that which he has just left. He 
no longer breathes a pure and refreshing atmosphere ; 
for the air is loaded with vapors, and the wooded ranges, 
called the Ceja de la Montana, or mist of the mountain, 
are clouded with fogs throughout the year. In the 
dry season, these are dissolved, during the day, by the 
powerful influence of the sun ; but in the winter they 
condense upon the hills, and descend in ceaseless tor- 
rents of rain. 

215. Proceeding in the same direction, from the Ceja 
de la Montana, the magnificent slope of the Andes soon 
opens upon the sight ; not reposing beneath a clear and 
azure sky, but overshadowed by a thidk veil of mist, 
impenetrable to the rays of the early sun, and yielding 
only to his noontide beams. 

216. The explanation of these phenomena is to be 
found, in the constant advance of the humid trade wind, 
from the eastern shores of South America to the tow- 
ering summits of the Andes. Rising continually in its 
onward progress into higher and colder regions, its ca- 
pacity for moisture is ever diminishing, and the atmos- 
phere is always near the point of saturation. Its inland 
course will thus be marked by abundant rains, and when 
these abate, fogs and mists succeed in their turn. 

By the time this great aerial current has arrived at 
the more elevated ridges, most of its humidity has been 
discharged ; during the dry season enough only remains 
to produce extensive mists ; and when, at length, it 
has reached Peru, it possesses scarcely any moisture. 
(Art. 187.) 

217. A powerful auxiliary cause exists, in the rich 
and luxuriant vegetation, that springs up every where 
throughout this boundless region. The light of a trop- 
ical day, in its meridian splendor, can scarcely pierce 
the massive foliage of those mighty forests, which stretch 
away for leagues from the base of the lower Andes ; 
while the lighter forms of vegetation, spreading in wild 

Explain the cause. 

What is the effect of the vegetation in this particular? 
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exuberance over the higher belts, effectually shield the 
earth from the fierce rays of the sun, and check the pro- 
gress of evaporation. The soil, thus shaded, is always 
moist, and the air warm and humid ; and from the 
causes already stated, such results are here produced as 
we should readily infer — excessive rains in the lower 
forests (190), and clouds of mist upon the more elevated 
ranges. 



CHAPTER III. 

OP CLOUDS. 



218. The name of clouds is given to those collections 
of vapor, that float at a lofty altitude above the earth, 

219. Though differing from fogs in situation, they 
originate in precisely the same causes ; being formed, 
in the higher regions of the atmosphere, by the union of 
warm and cold air, when the combining volumes are 
over saturated. The excels of humidity, when slight, 
then appearing in the atmosphere in the form of clouds. 

220. During the daily process of evaporation, warm, 
humid currents of air are continually ascending from 
the earth ; the higher they ascend, the colder is the at- 
mosphere into which they enter ; and, as they continue 
to rise, a point at length will be attained, where, in 
union with the colder air, their original humidity can no 
longer be retained ; a cloud will then appear, which in- 
creases in bulk with the upward progress of the current 
into colder regions. 

If the cloud however, in its ascent, either meets with 
a warmer stratum of air, or descends towards the earth 
into a region of a higher temperature, a portion of the 

What is the subject of chapter third 7 

Define clouds. 

How do they originate 7 

In what manner do ascending currents produce clouds? 
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minute globules of water which compose it, perhaps all, 
will be re-dissolved, and the cloud will either contract in 
size, or completely vanish, according to the increase of 
heat to which it is subjected. 

221. The entire atmosphere, to the altitude of many 
thousand feet, is constantly traversed by numerous hori- 
zontal currents of air, flowing in different directions, 
and at different heights. Combinations of vast volumes 
of air, varying in temperature, must therefore at times 
inevitably occur, as well in the higher as in the lower 
regions of the atmosphere ; and when the excess of 
moisture resulting from this union is but small, clouds, 
with their ever-changing forms, obscure the serenity of 
the sky. 

222. When Clayton, on the 31st of July, 1837, as- 
cended in a balloon froni Louisville, Ky., the direction 
of his course was altered no less than Jive times, in the 
space of fourteen hours. Once, when at a very great 
height, he beheld, a mile below him, a snow-white cloud 
of a mountain shape drifting in an opposite direction to 
that in which he was traveling. 

223. The upward impulse given to the w.arm atmos- 
phere near the earth, vvnen driven by the wind against 
the sloping sides of mountains, is also a fruitful source 
of clouds. (230.) 

224. Strata op Clouds. When an extended range ' 
of clouds settles down towards the earth, its under sur- 
face often copies the outline of the landscape immediately 
beneath, assuming a horizontal direction. This is owing 
to the high temperature of the air below the cloud, in 
consequence of which the latter would cease to be visi- 
ble, were it to descend lower ; for the globules of vapor 
would then be dissolved by the warm atmosphere. 

225. Above the first range of clouds, the temperature 
is often much higher than in the region of vapors be- 

What is said as to the existence of horizontal currents, and their effects 7 

Relate the illustration. 

What is the influence of mountains 7 

What is said as regards the figure of the under surface of clouds 7 

How is the existence of successive ranges of clouds explained 7 
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neath. Here the air will be clear, and a tract of con- 
siderable thickness frequently intervenes before we ar- 
rive at a second range of clouds ; to this may succeed 
another body of pure air, and still higher a third range 
of clouds, and so on, alternately. 

226. The following account, given by JoUiffe, of his 
aerial voyage, which took place in England, in 1826, 
is instiuctive in this connection. 

" Our progress, during the first quarter of a mile, was 
BO gradual, as to be nearly imperceptible ; but on dis- 
charging a portion of the ballast, the balloon ascended 
with a rapidity, which, in a few minutes, buried us in 
the vapors of a dense mass of clouds. The temperature 
was here cold and raw ; such as I have felt on a moun- 
tain-top, when enveloped in fog. We loitered here for 
some time ; but at length rose with uncontrollable velo 
city, and burst, almost suddenly, out of this dark barrier 
into realms of light and glory. The stratum of clouds 
from which we had emerged, seemed' depressed to a vast 
distance below us, involved in radiant folds, which com- 
pletely shut out all view of the earth." 

227. Thickness. The thickness of clouds is some- 
times immense. On the 29th of Sept. 1826, Peytier and 
Hossard, two French engineers, were upon the Pyre- 
nees, and so stationed, that they beheld, at the same 
time, the upper and lower surfaces of the same cloud. 
As the altitude of each station was known, the thick- 
ness of the cloud was readily determined, and found to 
be 1,476 feet* On the succeeding day, the thickness of 
the clouds was 2,788 feet ; or more than half a mile. 

'228. Height. The height of clouds has been vari- 
ously estimated. According to observations given by 
Dalton, two-fifths of all the clouds observed in England 
for the space of five years, were more than 3,150 feet 
above the earth. By noting when the upper and lower 
surfaces of the clouds touched the peaks of the Pyre- 



Relate the account given by JoUifTe. 

What is said respecting the thickness of clouds 7 

What of their height 7 
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nees, which had previuiisly been iiiea'surecl, Peytier and 
Hossard obtained no less ihdia forty eight altitudes. It 
was thus found, that the lower surfaces here varied in 
height from 1,476 feet to 8,200, and the upper from 
2,952 feet to 9,840. 

229. The computations of many distinguished ob- 
servers have been collected by Kaemtz ; and from these 
it appears, that clouds range, in height, from 1,300 feet 
to 21,320. ' 

The extreme elevation here given is, however, not 
sufficiently great ; for clouds are sometimes seen float- 
ing above the summit of Chimborazo, which rises 21,480 
feet above the sea-level ; and when Gay Lussac, in the 
month of September, 1804, ascended in a balloon to the 
altitude of 23,000 feet, he beheld clouds still soaring 
above him, apparently at a great height. 

30. Clouds on Mountains. When a mountain 
range is viewed from a distance, the various peaks are 
frequently seen capped with a cloud ; while tne atmos- 
phere between them is perfectly clear. This appear- 
ance sometimes continues for hours, and even entire 
days ; and was often noticed amid the Alps by the cele- 
brated Saussure. It is caused by the wind impelling 
up the sides of the peaks the warm, humid air of the 
vales, which, in its ascent, gradually sinks in capacity, 
until it is over-saturated, when the excess of moisture 
becomes visible, and appears as a cloud. 

231. This phenomenon is illustrated by figure 12. 
Let ABO represent the outline of a mountain peak, up 
the sides of which a warm current flows, in the direc- 
tion of the arrows. Above the line D E, the tempera- 
ture is below the dew-point of the current, and its hu-^ 
midity is condensed into a cloud at 3. As the wind 
sweeps over the summit, the cloud B Ps carried below 
the line D E, on the opposite si le, and re-dissolved in 
the warm atmospliere beneath ; but its place, mean- 
while, is occupied by a fresh cloud, caused by the ascent 



What is the appearance sometimes presented by distant mountains 1 
How is this accounted fori 

5 



98 AdUEOUS PHENOMENA. 

Ftg. IZ 




A CLOUD UPON A MOUlfTAIXI PBAX. 



of the warm air on the side A.B. It thus occurs, that 
though the cloud upon the mountain is stcUionary for 
hours together, yet the particles which compose it are 
continually changing. 

232. The appearances just described are finely dis- 
played upon the St. Gothard, a mountain in Switzer* 
land, about 6000 feet high. Dark, heavy clouds that 
have formed on one side of the mountain, are frequently 
seen, passing rapidly over its summit, and descending 
in dense masses into the vale of Tremola, on the oppo- 
site side ; but, instead of filling the plains beneath with 
thick vsmor, the clouds are dissolved by the warm air into 
which they are precipitated. 

233. A singular instance of the alternate appearance 
and disappearance of a cloud occurred, not long since, 
upon the coast of England. A cloud was seen, home 
along by the wind, apparently passing from one side of 
an arm of the sea to the other, but not extending across 
the water. It was visible over the land^ on each shore, 
but the sky above the water was perfectly serene. This 
phenomenon may be thus explained. Over the land, in 
the region of the cloud, the air was below the dew-point; 
but over the water, the sea being w|irmer than the land, 



Explain from the figure. 
GiYe the lUiutntiona. 
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the temperature of the air was higher, and above the 
dew-point. When, therefore, the wind carried the cloud 
over the sea it vanished, its moisture being re-dissolved 
by the atmosphere ; but when the body of air in which 
the cloud haa previously existed, arrived at the opposite 
shore, a second precipitation of moisture took place, and 
the cloud reappeared. 

OLASSIFIOATION. 

234. Clouds have been divided into seven kinds ; three 
original, viz. the cirrus, the cumulus, the stratus ; and 
four formed by combination, viz. the cirro-cumulus, the 
cirro-stratus, the cumtdo-stratus, and the nimbus, 

235. Cirrus or Curl Cloud. This cloud is so 
called, from the Latin word cirrus or curl, because it 
usually resembles a distended lock of hair. It is dis- 
tinguished from the other kinds by its fibrous structure, 
the lightness of its appearance, and the variety of figures 
it is capable of assummg. After a period of fine weather, 
slender filaments of the cirrus are frequently seen, 
stretching like white lines across the azure sky. Some- 
times these threads of clouds are arranged in parallel 
bands, which in the northern hemisphere, (wherever 
observations have been taken,) are eitlier directed from 
south to north, or from south-west to north-east ; at other 
times ihey separate, resembling the tail of a horse ; a 
form which is known in Germany by the name of wind- 
trees. These filaments are also not unfrequently seen 
crossing each other, and investing the sky with a deli- 
cate net-work of gauze-like vapor. One of the most 
beautiful forms of the cirrus occurs, when the fibres curl 
from each side of a band of light cloud, and the whole 
appears like the feathered grain of a rich piece of ma- 
hogany, (figure 13, a.) 

^36. The white color of the cirrus renders it difiicult, 
m all cases, to detect its peculiar structure ; for the eye 



Into how many classes are clouds divided 1 
What are they 1 
Describe the drrus. 
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is dazzled by its excessive light. The cloud may, how- 
ever, be viewed at leisure, by reflection from a blackened 
mirror, which diminishes^the brightness. 

237. The cirrus soars the highest of all clouds. Its 
altitude, at Halle, in Germany, has frequently been esti- 
mated, by:Kaemtz to be not less than 21,^300 feet ; and, 
from the observations of ten years, this distinguished 
meteorologist has been led to believe, that it is entirely 
composed of snow-flakes. Indeed, the temperature of 
the elevated regions in which it floats, must be often far 
below the freezing point. 

238. Cumulus. This kind of cloud acquires its 
name from the Latin word cumulus or heap ; the vapor 
seeming to be piled or heaped together. It is usually 
seen in the form of a hemisphere, resting upon a hori- 
zontal base ; but at times detached masses gather into 
one vast cloud upon the horizon ; their radiant sum- 
mits gleaming like the snowy peaks of distant moun- 
tains, (figure 13, 6.) 

239. The cumulus is the cloud of day ^ and is produced 
by the ascending currents of warm air, caused by the 
solar heat. During the fine days of summer, its peculiar 
figure is most perfect, and its formation and decline oc- 
cur in the following manner. Although the sun may 
have arisen in a cloudless sky, a few solitary ppecks of 
vapor maybe seen towards eight or nin6 o'clock ; these, 
as the day advances, enlarge from within, become thicker, 
and accumulate, in rounded masses, which continue to 
increase in number and size, till the hottest part of the 
day. After th/s time they gradually lessen, and often 
entirely vaniph^ leaving the sky at sunset again perfectly 
serene. 

240. The or.mulus floats low in the morning; but its 



How may its peculiar structure be best discerned 7 

How far above the general surface of the earth does the cirrus rise 1 

Of what does it consist according to Kaemtz 1 

Describe the cumulus. 

How does it originate 7 

Describtt the mode of its formation and the changes it undergoes? 
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altiliide increases wilh that of the ascending curreutci, 
which attain their hi^rhest i^levation soon after mid-day ; 
towards evening the currents subside, and the cloud 
descends. This circumstance has often been remarked 
by meteorologists, when slatiunod on elevated muun 
tains. In the morning, the cumuhis has been seen be- 
neath them; it enveloped them towards noon; then 
soared above thein for several hours, and descended to 
ihe vale at the close of day. 



Whit Is wld of Its height Id the morning, at mid-day, and in the eren- 

ine'? 
Account for the facts suited in IT 24(1 
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241. It is not difficult to account for the facts just de- 
tailed. The cumulus begins to be formed, when the 
warm currents, in their upward progress, arrive at a 
temperature so low that they become over-saturated 
with moisture ; and the excess is then condensed into a 
cloud. 

The higher the currents rise, the colder is the atmos- 
phere, generally speaking, and the cloud must necessa- 
rily enlarge ; but when in the afternoon the strength 
of the currents abates, the clouds which are buoyed up 
by their force, sink down into warmer regions of the at- 
mosphere, and are either partially or completely dis- 
solved. 

242. The rounded figure of the cumulus is attributed 
by Saussure to the mode of its formation ; for when 
one fluid flows through another at rest, the outline of 
the figure assumed by the first will be composed of 
curved lines. This may be seen, by suflfering a drop of 
milk, or ink, to fall into a glass oif water ; but the shape 
of a cloud of steam, as it issues from the boiler of a 
locomotive, presents a far better illustration. 

243. Stratus. This cloud derives its name from 
the Latin word stratus^ or covering ; it forms about 
sunset, increases in density during the night, and dis- 
appears at sunrise. It is caused by the vapore which 
have been exhaled during the heat of the day, but re- 
turn again to the earth towards the evening, when the 
temperature has declined, and are then condensed into 
a sheet of clouds, which stretch along and rest upon the 
horizon (figure 13., c). This class likewise includes 
those light and spreading mists, which gather in mead- 
ows and vales in the evening of a warm summer's day, 
floating like a veil over the surface of the ground, and 
extending but a short distance above it. 

244. Cirro-stratus. This cloud is so called, be- 

What causea the rounded figure of the cumulua? 
Deacribe the atratua. 

When doea it form, increaae and vaniah 1 
How doea it originate 7 
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cause it partakes of the characteristics of the cirrus and 
stratus ; originating usually in the cirrus. It is remark- 
able for its great length, in proportion to its thickness ; 
but though preserving in the main this peculiarity, it 
assumes many varieties of form. 

245. At one time it consists of a number of parallel 
bars of vapor^ in close proximity, blended together at 
the middle, but separatea at the edges (figure 14., b), or 
it may appear as a streak of vapor, broadest at the mid- 
dle, and tapering towards either end (c). A third va- 
riety consists of small rows of clouds^ parallel to one 
another ; each successive row becoming shorter, from 
the widest part of the cloud to the extremities, (d.) 
The qame of cirro-stratus is also given to that thin, 

'gauze-like cloud, which sometimes overspreads the 
whole sky, and tnrough which the sun and moon are 
dimly visible. 

246. Cirro-cumulus. It not unfreq^uently happens, 
that the heavens appear as if sown with little round 
tnasses of clouds, lying near to each other, but perfectly 
separated by intervals of sky (figure 14., a). This cloud 
is the cirro-cumulus, and often arises from a change in 
the cirrus and cirro-stratus ; the bars of the latter being 
divided across the direction of their length, and the di^ 
ferent parts rounding into the cirro-cumulus. Some- 
times the reverse occurs, and the cirro-cumulus is seen 
changing into the cirrus and cirro-stratus. 

247. The structure of the cirro-cumulus is not always 
the same : at one time the masses are very dense and 
well-rounded ; at another their form is irregular, and 
the sky often presents a curdled appearance, when cov- 
ered with this cloud. Sometimes the cirro-cumulus is 
so light and fleecy, that the rays of the sun, as they tra- 
verse it, are scarcely dimmed. Humboldt found them 

Describe the cirro-itntua. 

How is it produced? 

What are some of its Yarieties 1 

Describe the cirro-cumulus. 

Whence does it arise 7 

State some of the pecuUaritles of this doud. 
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even so delicate that he was able to discern through 
them the apoo on the moon. The last two classes of 
clouds, like the cirrus, float at a very lofty height. 



248. CuMULo-sTRATus. The variety of cloud to 
which this name is given, combines the characteristics 
of the cumulus and stratus. Its base consists of a hor- 
izontal stratum or layer of vapor, from which rise large, 
overhanging maasos of cumulus (figure 14.,/). Sonde- 

Whal a said respecting (he hdeht of the clno-slralu! 
Describe tile cumulo-Btrolua. 
Of whut does it coiuusi 1 
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times coDtiguous cumulus clouds unite, and passing into 
the state of cumulo-stratus, form groups of immense 
size. This cloud is seen in perfection upon the ap- 
proach of a thunder-storm, when the cumulus clouds, 
driven together by the wind, are piled upon each other, 
and assume those peculiar forms commonly known by 
the name of thunderheads. 

249. This modification also frequently arises, when 
the cumulus is pierced by the cirro-stratus ; and it is by 
no means unusual to see four or Jive parallel bars of the 
cirro-stratus, one above the other, passing through the 
same pile of clouds, which then present successive tiers 
of the cumulo-stratus. 

250. Nimbus, or Rain-Cloud. This cloud is so 
called from the Latin word, nimbus, a rainy dark cloud ; 
it possesses no peculiarity of form, but is distinguished by 
its uniform gray tint and fringed edges (figure 14., e). 
It is usually composed of some of the preceding classes 
of clouds, so blended together that they cannot be dis* 
tinguished, and is produced by 9. change in their struc- 
ture, the result of an increase in density. 

251. The nimbus often originates in the cumulo-stra- 
tus, which, as it increases in thickness* frequently as- 
sumes a black or bluish tint. In a short <ime this hue 
changes to gray, a circumstance which indicates that 
the nimbus is formed and rain descending. 

When is this cloud most perfectly formed 7 

Under what other circumstances is the cumulo-stratus seen 1 

Describe the nimbus. 

How is it distinguished 7 

Of what does it consist 7 

How is it caused 7 

In what cloud does it often originate? 

What does a gray tint indicate? 

5* 
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CHAPTER IV. 

OP DEW. 

252. Dew is the moisture spontaneously deposited 
upon the surfaces of bodies exposed to the atmosphere^ 
when the loiter is free from the presence of fogs and 
rain. 

253. The whole subject of dew was most happily 
illustrated by the observations and experiments of Dr. 
Wells, in 1812 ; and the theory which he then advanced 
is now generally received, supported as it is by a vast 
assemblage of facts. 

254. Deposition. The deposition of dew is caused 
by the unequal radiation of heat from the atmosphere 
and the substance bedewed. During the day, the bodies, 
that either compose the solid crust of the earth or clothe 
its surface, become heated by the solar rays, and the 
lower stratum of that portion of the atmosphere which is 
directly above, is then likewise raised in temperature, 
and its capacity for moisture increased. 

When, however, the night comes on, and even before, 
the earth and air, radiating their acquired heat into free 
space, sink inUemperature ; but the loss of the former is 
greater than that of the latter, since, during the night, as 
experiments show, the air a few feet above the ground, 
is sometimes warmer than the surface of the soil, by fif- 
teen degrees. 

It thus occurs, that the stratum of air immediately iu 
contact with the earth is cooled down by the latter, be- 
yond the point of saturation ; and the excess of humidity 
is condensed, upon the substances that form its surface, 
in drops of dew. (Art. 65.) 

255. It may therefore be assumed as a principle, thcU 
dew never begins to be deposited upon the surface of 



What is the subject of chapter fourth 1 Define dew. 
Whose theory is generally receiyed 1 
How is the deposition of dew caused 1 Explain the process. 
How much warmer is the air sometimes than the ground 1 
What principle may be assumed 1 
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any body, until it is colder than the contigwms atmos- 
phere ; and, other circumstances being the same, the 
greater this difference in temperature^ the greater the 
amount of dew. 

The quantity of dew deposited within any given time, 
depends, chiefly, upon the humidity^ serenity, and tran- 
quillity of the atmosphere ; and the constitution, form^ 
surface, and location of the bodies receiving the moisture. 

nfFLUENCE Of the OOlfDlTION OF THE ATMOSPHEBE. 

256. Humidity. That the quantity of latent vapor 
in the air must regulate, in a great measure, the amount 
of dew, is perfectly clear, since the latter is nothing else 
than condensed atm,osp/ieric vapor. 

257. Serenity. Every thing that favors radiation 
from the earth, and consequently produces an increase 
of cold, contributes to the formation of dew. Thus it 
is copiously deposited on serene nights ; for the radia- 
tion from the earth then proceeds unchecked : while, on 
the contrary, little or no dew is seen after a cloudy 
night ; since the canopy of the clouds reflects back to 
the earth the heat that is proceeding from it, maintain-' 
ing its Surface and the contiguous air at nearly the same 
temperature. 

If, however, the clouds separate only for a few mo- 
ments, the heat escapes from the earth through the in- 
tervals, and dew is rapidly deposited ; but if the sky is 
again suddenly overcast, the radiation is arrested, and 
the heat reflected back to the earth, raising the tem- 
perature at its surface, and Bpeedily evaporating the dew 
just formed. 

258. These singular changes in temperature were 
obseiTed by Dr. Wells. On one night, the sky being 
clear, the temperature of the grass, at half past nine, 
was 32^ Fah. ; in twenty minutes afterwards, the heav- 
ens being suddenly overcast, it rose to 39^ Fah. ; in 



What circumstances influence the quantity of dew 7 
What is the effect of humidity 1 What of serenity 7 
What it th9 influence of clouds 1 Give instances. 
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twenty minutes more, under a serene sky, it sunk again 
to 32° Fah. It was also found, that a thermometer ly- 
ing upon the grass, would rise several degrees^ if the sky 
directly above it was covered by a cloud only for a few 
minutes. The influence of clouds upon the tempera- 
ture of the air is by no means as great ; for while, on one 
evening, when the sky was obscured for the space of 
forty-five minutes, a thermometer placed upon the turf 
rose fifteen degrees, another, suspended in the atTnos- 
pAer^ just above, rose but three and a Ao//* degrees. 

259. Tranquillity. In a calm, night, other circum- 
stances being the same, more dew will be deposited 
than when it is windy ; for the wind will not suffer any 
one portion of air to remain long enough in contact with 
the cold surface of any body to condense much of its 
moisture, hurrying it away before it is sufficiently cooled 
down for this purpose. 

260. A slight agitation of the atmosphere, however, 
is of advantage ; since, after orte portion of air has de- 
posited upon any surface its exuberant moisture, it re- 
moves it from the spot, bringing up a fresh portion to 
the same place, and so on successively ; giving time to 
each to sink to the temperature of the surface brewed. 
As the night advances, and the earth becomes still 
colder, the same volumes of air, renewing their contact 
with the. same surface, may be again surcharged with 
humidity, and deposit more dew. 

261. Evening AND Morning. Dew is often formed 
towards the close of the afternoon, in consequence of 
the earth then losing more heat by radiation than it 
receives from the slanting rays of the descending sun. 
It also freauently forms in shady places just after sun- 
rise ; for the surface of the globe, which has been grad- 
ually sinking in temperature during the night, is not 



Which is most affected by clouds, the air or the ground 1 Illustrate. 
Why .does a wind lessen the amount of dew 1 
What is the effect of a slight agitation of the air 7 
Why does dew begin to form towards the close of day 7 
Where does it form after sunrise 7 
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immediately influenced by the warm beams of the sun. 
Indeed, at this time, more dew is deposited than at any 
other equal period in the twenty-four hours. 

INFLUENCE OF THE SUBSTANCE BEDEWED. 

262. Constitution. Since the production of dew 
requires that the body bedewed must be colder than the 
surrounding atmosphere, all substances^ which rapidly 
lose their own heat and slowly acquire thcU of others^ 
are susceptible of being copiously bedewed. On the con- 
trary, substances possessing the opposite quaUties con- 
tract but little dew. 

Under the first class may be included glass, silk, 
down, wool, and, in general, all bodies of a porous tex- 
ture ; while metals and rocks belong to the second divi- 
sion. 

263. If similar plates of polished glass and metal are 
exposed alike upon the soil during a favorable night, 
in the morning the glass willbe drenched with dew, but 
the brightness of the metal will be scarcely dimmed. 
These different results arise from the fact, that, while 
the glass is deprived by radiation of ninety hundredtlis 
of its original heat, twelve hundredths is all that the 
metal loses. Besides, the glass, being a bad conductor, 
draws but little warmth from the earth to supply its loss ; 
while the metal, being a good conductor, can easily 
restore any reduction of heat from the warm soil imme- 
diately below. 

Large plates of metal, exposed throughout the night, 
never acquire a temperature more than three or four 
degrees below that of the atmosphere. 

264. Surface AND Form. A po/i^Aed surface does 
not radiate so well as one that is rough and unevoi ; 
and the latter is always found, under a like exposure, 
to receive rnore dew. PohUs radiate heat most rapidly, 

Account for its deposition at this time. 

What substances are capable of being copiously bedewed 7 

What not 1 Give examples. 

Account for the unequal deposition of dew on glass and metal. 

What is said of polished and rough surfaces in this particular '? 
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and are therefore the coldest portions of a radiating 
body ; hence, of all the globules of dew that form upon 
blades of grass, the largest are found at the very ex- 
tremities. 

Grass is well known to be copiously bedewed ; its 
form, as just mentioned, causes it to lose its own warmth 
with great rapidity, while its porous texture prevents 
it, at the same time, from replenishing its loss from the 
soil. 

265. Location. If a body is screened from the open 
sky, it contracts less dew than when fully exposed ; for 
the screen arrests radiation in the manner of clouds ; 
and the difference in temperature between the sheltered 
body and the contiguous air, is less than that which 
would exist between the same body and the surround- 
ing atmosphere, were the substance bedewed entirely 
unsheltered. This has been proved by the experiments 
of Dr. Wells. 

266. In four trials, made with two parcels of wool, in 
all respects alike, the first of which was placed upon the 
upper side^of a board, four feet from the ground, and the 
second loosely attached to the under side, the gain, in 
dew, was as follows : 

Ut night 9d. 8d. 4th. 

gta. fpnm gts» gn. 

1st parcel, 14 19 11 20 

2d do. 4 6 2^4 

We hence perceive, why, beneath the shelter of trees, 
and on the under surfaces of leaves, but little dew is 
found. 

267. Dew has never been found upon the surface of 
large bodies of water ; for whenever the aqueous parti- 
cles at the surface are cooled, they become heavier than 
those below them, and sink ; whue warmer and lighter 
particles rise to the top. These, in their turn, become 

What of points ? 

Why are the largest beads of dew upon the end of the blades of grass 1 
Why does an exposed body contract more dew than one which is shel- 
tered 7 Give the results of Dr. Wells' experiments. 
Why are the sui&ces of large bodies of water free from dewl 



LOCATION AND COLOR. Ill 

heavier and descend ; and the process continuing through- 
out the night, maintains the surface of the water and 
the air at nearly the same temperature. 

Dr. Wells ascertained, by experiment, that even a 
small quantity of water gains no weight by exposure 
during a single night 

It appears, from the narrative of the U. S. Exploring 
Expedition, and from other sources, that on the ocean 
heavy deposits of dew sometimes occur upon the decks 
of vessels. 

268. The exposed parts of the human body are never 
covered with dew ; since the vital heat, varying from 96^ 
to 98^ Fah., effectually prevents such a loss of warmth 
as is necessary to its production. 

269. Color. A few experiments were made by Dr. 
Wells, in order to ascertain the effect of color upon 
dew ; but without any decisive results. In 1833, Dr, 
Stark, of Edinburg, made two experiments, from which 
he inferred, that under like exposures, more dew was de- 

E>sited upon dark-colored bodies, than upon Z^A^-coIored. 
ut the author of this work, from an investigation pros- 
ecuted by himself during the summer of 1846, arrived 
at the conclusion, that color exerts no influence whcU- 
ever upon the quantity of dew. This fact might also be 
inferred from the experiments of Dr. Bache on heat, 
which clearly show, that the amount of radiation is not 
affected by color. 

270. Observations. The observations, which have 
been made in various regions of the globe, in regard to 
the occurrence of dew, strongly corroborate the theory 
of Dr Wells. In Bengal, during the month of Novem- 
ber, the nights are beautifully serene, and accompanied 
with heavy dews ; but in April and May, when high 
winds prevail, with a close and cloudy atmosphere, ru) 

What experiment was made by Dr. Wells 7 

What is stated in the narrative of the Exploring Expedition 1 

Why is dew never found upon the human body 1 

What is said as to the influence of color 7 

What do the obsenraUons made in diflferent regions attest 1 

Give instances. 
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dew is deposited. From September to March, the sun 
glows like an orb of fire over Southern Guinea ; but the 
nights are cool, and the parched soil is refreshed with 
abundant dews. In Egypt, profuse dews, like rain, 
occur in the summer, when the nights are resplendent 
with stars ; while at Thebes, where the sky is con- 
stantly serene, abundant dews are the only moisture 
that the earth receives from above, during the lapse of 
many years. 

271. Pacts EXPLAINED. The explanation of several 
familiar facts, depends upon the foregoing principles. 
Thus, for instance, if, in a warm summer's day, a glass 
is filled with cold water, the exterior surface is seen 
covered with moisture ; for the reason, that the glass, 
being colder than the air in contact, cools the latter be- 
low the dew-point. In summer, caves and cellars are 
damp ; because the warm air that enters them from 
without is cooled down, and its humidity either floats 
in the atmosphere, or is condensed in beads of dew upon 
the stones. 

272. Beneficent Distribution. The mode in 
which the blessing of dew is dispensed to the earth, 
beautifully exemplifies the benevolence of our Creator. 

In the temperate climes, where the fiequent inter- 
change of sun and shower preserves the earth from the 
extremes of heat and moisture, very little dew is needed, 
and but comparatively little is deposited. The regions 
however within the tropics are deprived of rain for 
months, and this destitution is partially supplied by 
the dews, which precisely at these seasons are most 
abundant. 

273. The lake and the river are not visited by dew, 
for no form of vegetation exists within them that needs 
its presence. To the naked rock it comes but in scanty 
measure ; for there is nothing here to nourish — save, 
perhaps, the thorny cactus, which, from its very form and 

What facts are explained upon the foregoing principles? 
What does the distribution of dew exemplify 1 
Give the various illustrations. 
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nature, is adapted to its situation ; and though spriog- 
iug from the cleft of a rock beneath a tropic sun, or 
striking its roots in the sands of the desert, is capable 
of deriving from the air an adequate supply of moisture. 

274. Upon the foliage of the grove very Httle dew is 
deposited, in consequence of the inclined position of the 
leaves, their frequent motion, and the shelter they 
afford each other. Nor is it needed ; for the natural 
supply of moisture rises deep from the soil through the 
parent trunk, diffusing itself throughout every branch 
to the remotest extremity of the slenderest bough. 

275. The dew, however, blesses, in all its invigorating 
exuberance, tlie humble plant and tender herbage, a 
vast class of vegetable life, at once the most perishable 
and the most useful ; it is the first of all to feel the effects 
of drought, and yet it is that which is necessary to the 
very existence of man. From the Jield^ not from the 
forest, comes our support ; and the failure of a single 
plant, the grass or the bladed grain, may bring upon a 
nation scarcity and famine. 



CHAPTER V. 

OP HOAR-FROST AND SNOW. 

276. Hoar-Frost. Hoar-frost is produced in the 
same manner as dew. Late in the spring, and early in 
the fall, the surface of the earth, during serene nights, 
sinks in tempe. ature below the freezing point ^ while the 
atmosphere, a few feet above, is higher by several 
degrees. 

The moisture which is then deposited becomes con- 
gealed in sparkling crystals ; and the stems of plants 
and the branches of low shrubs are often adorned with 
fringes, formed of the most beautiful and delicate crys- 
tallizations. 



What is the subject of chapter fifth 1 
How is hoar-frost produced 1 
Describe its appearance. 
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277. A species of hoar-frost occurs when a warm 
south wind succeeds a continuance of cold weather. 
Stone columns and buildings are then covered with 
a snowy incrustation, composed of an assemblage of 
minute crystals, caused by the influence of the low 
temperature of the stone upon the condensed vapor of 
the air. 

The effect of a cold body upon moist air is well shown 
by the following facts related by Ballantyne, who resided 
for two years at York Factory, in the vicinity of Hud- 
son's Bay. After narrating the adventures of a hunting 
expedition in the depth of winter, he thus describes an 
incident that occurred upon the return of himself and 
his companions to their dwelling. '^ 11 was curious to 
observe the change that took place in the appearance of 
our guns after we entered the warm room. The barrels 
and every bit of metal upon them instantly became 
white, like ground glass. This plienomenon was caused 
by the condensation and freezing of the moist atmos- 
phere of the room upon the cold iron. Any piece of 
metal, when brought suddenly out of such intense cold 
into a warm room, will in this way become covered with 
a pure white coating of hoar-frost. It does not remain 
long in this state, however, as the warmth of the room 
soon lieat^ the metal and melts the ice. Thus, in about 
ten minutes our guns assumed three different appear- 
ances. When we entered the house they were clean, 
polished, and dry ; in five minutes they weie as white as 
snow, and in five more were dripping wet." 

278. Every thing ih^i prevents the rcudation ofheat^ 
arrests the formation of hoarfrost. During the chilly 
nights of spring, plants that are sheltered by trees are 
less liable to be frozen than those which are fully ex- 
posed ; and a slight covering of straw, or even of paper, 
will often afford an effectual protection. Vineyards 
have frequently been saved from the effects of frost, by 
enveloping them during the night in a cloud of smoke. 

What effect is caused by a warm south wind, after a period of cold wear 
ther 7 Relate the facts related by Ballantyne. 
What arrests the formation of hoar-frost 1 
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279. The effect of a screen in checking radiation, 
and tlius preventing frost, has been finely illustrated by 
the experiments of David Scott, of India. Throughout 
the whole region of Upper India, ice is artificially pro- 
cured by placing upon a layer of dry straw, in the 
bottom of small pits, and fully exposed to the clear sky, 
broad, shallow earthen pans, filled with water. Such 
is the radiation during the night, that a thin crust of ice 
will sometimes form upon the water, when the tempera- 
ture of the air on a level with the pits is as bign as 
41° Fah. 

On one occasion, Mr. Scott extended a muslin turban 
across a pit, three feet above the pans. No ice was 
formed in the vessels immediately under it ; but, in sev- 
eral that were partially covered, ice appeared upon the 
part of the water beyond the shelter of the muslin ; 
while the surface beneath the turban remained in a fluid 
state. Two strings, crossing each other at a lower 
height above a pan, under favorable circumstances, 
divided the ice into four quarters, the water beneath the 
strings continuing unfrozen. 

SNOW. 

280. Snow is the frozen moisture that descends front 
the atmosphere when the temperature of the air at the 
surface of the earth is near or below the freezing jwint. 

281. Snow-Flake. At moderate heights, and in the 
temperate regions, snow commonly falls after several 
days of severe frost when the weather has moderated. 
The largest flakes occur when the air abounds with 
vapor and the temperature is about 32° Fah. ; but as 
the moisture diminishes, and the cold increases, the 
snow becomes finer. 

In the former case, it is not unusual to observe 
flakes an inch in diameter ; and in the latter, they only 
measure a few hundredths of an inch. 

Illustrate the inflaence of a screen, by the experiments of Scott. 

Define ffnow. When docs it usually fall 1 

Under what circumstances do the largest flakes occur? 

Under what circumstances do the smallest 1 How large are they 1 
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At Bossekop a fall of snow occurred when the thermo- 
meter stood at 10° Fah., and the diameter of the flakes 
then scarcely exceeded seven hundredths of an inch. 

The snow-flake is composed of regular crystals, and 
its beautiful figures and rich diversity of forms have 
ever excited the admiration of observers. In solid ice, 
the crystals are so blended together that their symmetry 
is lost in the compact mass ; but in snow, they are per- 
fectly developed, when the flakes descend through a 
calm atmosphere. Any agitation of the air, or an in- 
crease of moisture or temperature, destroys their deli- 
cate structure. 

If the crystals of snow were solid, they would be 
transparent, like other crystallized bodies; but they 
contain air, and to this circumstance is attributed their 
brilliant whiteness ; for the air preventing the ready 
transmission of light through the snow-flake, the rays 
are copiously reflected from the assemblage of crystals 

The bulk of snow which has just fallen is ten or 
twelve times greater than that of the water obtained by 
melting it. 

282. Though single crystal^ always unite at angles 
of 30°, 60°, or 120°, they nevertheless form, by their 
different modes of union, several hundred distinct 
varieties. 

Scoresby, a celebrated Arctic navigator, has enu- 
merated six hundred, and delineated ninety-six ; and 
Kaemtz has observed twenty more, not figured by 
Scoresby. 

283. Snow-Crystals. Although the varieties are 
80 numerous, they are all comprised under ^t;e principal 
classes. 

1st. Crystals in the form of thin plates ; they are 
generally very thin, transparent, and of a delicate 

How small are they 1 

Of what is the snow-flake composed 7 

How is the whiteness of snow caused 7 

What is said of the bulk of snow 7 

State the number of varieties of snow-crystals. 

In how many classes are they comprised 7 Describe them. 
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structure. This class includes many leiiiarkablu v i rj 
6lics, which are leptcseiited by the first twenty-live 
figures of the annexed ciila, (15., 16.) 

2d. Flakes either possessing a spherical nticleus, or 
3l plane figure, studded, wilh needle-sliaped cryslals, 
(li;,nire 26.) 

3d. Slender prismatic crystal*; usually six-sided. 
but sometimes having only three sides. 

4th. Pyramids with ;»i> sirfea; (figure 27.) 

5th. Prismatic crystals, having, perpendicular to tlieir 
length, both at the extremities and in the middle, l/dn, 
six-sided plates; (figures 28., 29. and 30.) The last 

Tig. IBl 
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two classes are eXlremely rare, Scoresby having ob- 
served the fourth but once, and the Jl/lh only twice, in 
all bis voyages. 

Flakes belonging lo (wo consecutive falls of snow, 
possess different figures ; but those which descend 
during the same slonn. aue usually alike in this par 
ticular. 

284, Natubal Snow-Balls. Balls of snow are 
sometimes formed by the action of a higli wind upon 
light snow. Prof Cleaveland, of Brunswick, in Mame, 

Wh a I* Kild of ihi wytalt that bill duling the unia norm 7 
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observed, on the fir^t of April, 1815, a great number of 
SDOW-balls scattered over the fields, varying from one 
to fifteen inches in diameter. They had evidently been 
caused by the wind rolling up the snow, as the track of 
the balls was distinctly visible. In 1830, similar balls 
were seen by Mr. Sheriff, in East Lothian, scattered 
over a wide extent ; some of the masses being eighteen 
inches in diameter. 

285. But the most remarkable exhibition of this kind 
was beheld by Mr. Clarke, of Morris county. New Jer- 
sey, in January, 1808. A crust having formed upon 
the snow that had previously fallen, a light snow soon 
after occurred, covermg the glassy surface to the depth 
of three-quarters of an inch ; the sky then suddenly be- 
came serene, and a high wind arose. Beneath the force 
of the gale, small portions of snow would slide along for 
the distance of ten or twelve inches, when they would 
begin to revolve, rapidly increasing both in length and 
diameter. Where the descent of the ground favored 
their formation, masses rolled up to the size of a barrel, 
and, as far as the eye could see, the dazzling surface 
was covered with balls and cylinders of snow ; varying 
in magnitude from ten inches to three feet in diameter. 
Upon examination they were found to be hollow at each 
end, almost to the centre, and as round as if they had 
been so many logs of wood turned in a lathe. The 
cylinders covered nearly 400 acres, and their number 
was judged to be nearly 40,000. 

286. Red Snow. In 1819, Capt. Ross beheld snow 
of a brilliant crimson hue, clothing the sides of the 
mountains at Baffin's Bay ; rising, according to his re- 
port, to the height of several hundred feet, ana extending 
to the distance of eight miles. 

Snow of this tint is not, however, confined to the 
Arctic regions. Raymond had previously observed it in 
the Pyrenees. In 1818, vast masses were spread over 
the Italian Alps and Apennines, and five years before, 



Re\ ite the several accounts of natural anow balls. 
What is said of red snow 7 
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the whole range of the last-mentioned chain was covered 
with rose-colored snow. The same phenomenon was 
seen by Scoresby, Parry and Franklin, in high northern 
latitudes, and the navigators of the southern hemisphere 
have found red snow in great quantities at New Shet- 
land, 62° S. Lat. 

287. In snows of great depth, the accounts differ in 
regard to the thickness of the colored stratum. Ross 
conjectured, that, in the Arctic mountains, the crimson 
hue penetrated to the depth of several feet below the 
surface ; while others could not detect its existence be- 
yond one or two inches. 

Among the Alps, the red snow is usually discovered 
in little sheltered hollows, in layers not exceeding twc 
or three inches in thickness: though these are some- 
times situated far beneath the general surface of the 
snow. 

288. Green Snow. When the French meteorolo- 
gists, Martin and Bravais, traversed a field of snow at 
Spitzbergen, in 1838, it appeared of a green hue, wher- 
ever it was pressed by the foot. The coloring matter 
seemed to reside just below the surface, which was bril- 
liantly white. 

Upon another excursion, the first observer beheld the 
green particles spread like dust over the snow, which 
was also tinted green beneath the surface, and upon the 
sides of the field. 

289. Cause. These singular hues are produced by 
the presence of an infinite number of a certain class of 
microscopic plants, which from their great tenacity of 
life, are capable, not only of existing at a very low 
temperature, but even of flourishing wi^h extraordinary 
vi"ror. 

These minute vegetable forms are composed of glob- 
ules, which vary in diameter from one-thousandth of an 
inch to one three-thousandth. Each globule is divided 
into seven or eight cells, filled with a liquid, in which 



What of green snow 7 

To what cause are those colors attributed 1 
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live a great number of animalcules. The cells are gen- 
erally red, which is supposed to be their original color, 
the green tint being probably acquired by exposure to 
the air and light. 

These extraordinary hues may, therefore, be r^arded 
as originating in the same plant, in different stages of 
development 

290. Uses of Snow. Snow subserves many impor- 
tant purposes. Gathered in exhaustless stores upon the 
high mountains of the globe, it feeds, as it gradually 
melts beneath the heat of summer, thousands of rivers, 
which, flowing on from clime to clime, enrich the soil 
and crown the larul with plenty. 

The snow-capped mountains are the natural refriger- 
ators of the glowing regions that lie within the tropics ; 
cooling the winds that pass over them, and mitigating 
the fierce temperature of the atmosphere. 

In the higher latitudes, where the winters are severe, 
the snow forms a warm covering for the soil, and de- 
fends vegetation from the rigors of the frost It is well 
known, that grain, during an open winter, is frequently 
destroyed by the cold ; and, in the mild climate of Eng- 
land, Alpine plants have perished, in consequence of 
being deprived of their natural covering of snow. 

During the long night of the polar climes, the inten- 
sity of the darkness is dirninished by the presence of the 
snow ; inasmuch as it reflects^ instead of absorbings like 
the bare ground, the faint light that there proceeds from 
the sky. Nor is it to be forgotten, that, in these incle- 
ment regions, the wretched natives would be unsheltered 
during the winter, we^^e it not for the snow ; since this, 
when cut into blocks, supplies the Esquimaux with the 
means of constructing their huts. 

What is said in regard to the uses of snow ? 

6 
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CHAPTER, VI. 

OF HAIL. 

291. Hail. The ice that descends in showers^ and 
usually in summer^ is called hail. It is different from 
sleet, which is nothing more than frozen rain, and oc- 
curs only in cold weather. 

292. Structure. Hailstones are generally pear- 
shaped, and if they are divided through the centre, they 
are found to be composed of alternate layers of ice and 
snow, around a white, snowy nucleus, resembling, the 
coats of an onion. The surface is rough, and is some- 
times studded with icicles. 

293. Size. Hail varies in size, from stones as small 
as a pea to those which are several inches in circumfer- 
ence. Benvenuto Cellini relates in his memoirs, that 
during his journey from Italv to France, he was over- 
taken by a terrible storm in the vicinity of Lyons ; hail- 
stones falling of the size of lemons^ and with sufficient 
force to kill even men and cattle. 

At Roncesvalles, in August, 1813, there fell upon a 
division of the British army a storm of hail, in which 
the stones ranged in size from a bean to a hen^s egg. 
The tin camp-kettles of the soldiers were indented by 
the masses of ice, some of which were round, and armed 
with icicles three inches in length. 

In May, 1847, hailstones of immense size descended 
near the town of McDonough, in Georgia ; one of them 
was measured an hour after it fell and found to be ten 
inches in circumference. During 2t terrific storm, that 
occurred at Cazorta, in Spain, on the 13th of June, 
1829, the roofs of the houses were broken in by the hail. 
Some of the stones are stated to have weighed nearly 
four pounds and a half. It is probable that such extra- 



Define hail. 

What is the form and structure of the haUsUmt 7 

What is said of its size 7 

NaiTBte the fiicts stated. 
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ordinary mksses a& those which have been mentioned, 
are formed by the union of several hailstones frozen to- 
gether. 

OEOa&APHICAL DISTRIBnnON. 

294 Hailstones are most frequent in the temperate 
clitnes, and rarely occur within the tropics, except in 
the vicinity of mountains whose summits tower above 
the limit of perpetual frost. Although by no means 
common, they are not unknown in the high northern 
latitudes. Simpson, on the 12lh of August, 1839, was 
exposed in the straits of Boothia, in 68^ 32' N. Lat., to 
a tremendous thunder-storm, accompanied with torrents 
of rain and heavy showers of haiL 

It is mostly in summer^ and usually at the hottest part 
of the day, that hail is observed to fall. Scarcely any 
occurs in the night. 

OEiaiN. 

295. The structure of the hailstone shows that it is 
not formed at once; for the concentric layers around 
the snowy nucleus, consist of different accessions of 
moisture, successively condensed and congealed upon 
the surface of the stone. 

The light, porous texture of the snowy centre, seems 
to indicate, that the place of origin must be some region 
in the atmosphere where the air is rare^ and the cold in- 
tense ; since the appearance of the centre is similar to 
that presented by a drop of water, when frozen under 
the exhausted receiver of an air-pump. 

296. It is necessary then for the production of hail, 
that a warm, humid body of air should mingle with 
another so extremely cold, that their temperature, after 
uniting, shall be below the freezing point. This com- 
bination must also take place during the warmest period 

Where do hailstorms frequently occur 1 

Where rarely 1 

When do they usually prevail 1 

What indicates that the hailstone is not formed at once 7 

Where must it originate 1 

What conditions are necessary for the production of hail? 
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of the year and the day. In accounting for an intense 
degree of cold under such circumstances, consists the. 
great difficulty of explaining the phenomena of hail- 
storms. 

297. Until within a few years, almost every meteor- 
ologist attributed the cold of hailstorms to the agency 
of electricity. It is well known that air, when electri- 
fied, is expanded, and that expansion produces cold. It 
was therefore imagined, that the electrified state of the 
atmosphere before a storm, caused such a reduction of 
temperature as to freeze the falling moisture and pro- . 
duce hail. 

Volta, a distinguished philosopher of France, sup- 
posed the cold to be the result of evaporation^ but em- 
ployed electricity in a singular manner, as explained 
below. 

298. Volta's Theory. According to this theory, 
two clouds, differently electrified, are supposed to extend 
through the sky, one directly above the other. The cold, 
caused by evaporation from the upper surface of the 
lower cloud, is considered to be so intense, that the vapor 
is frozen, and the nucleus of the hailstone then formed. 
Its size is afterwards increased by the humidity it gathere 
in vibrating backwards and forwards between the two 
clouds, like the dancing figures upon electrical plates. 
(C. 969.) At last it becomes so large, as to break through 
the lower cloud, and fall to the earth. 

299. The sanction of a great name gave weight to 
this fanciful view, and in 1821, throughout the southern 
districts of France, which are peculiarly liable to hail- 
storms, hail-rods were erected, in order to draw the 
electricity from the clouds, and thus protect the vine- 
yards. Their efficacy, however, is exceedingly question- 
able. 

The electric hypothesis is, moreover, at variance with 
facts. The forests, which constitute a vast assemblage 
of hail-rods, are often ravaged by hail ; and in the tor- 



What efiect has been attributed to electricity 1 
Explain Volta*B theory. 
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rid zone, where the development of atmospherical elec- 
tricity is greatest, hailstorms are almost unicnown. 

300. Olmsted's Theory. Prof. Olmsted, of Yale 
College, considers electricity as an effect, and not the 
cause of hailstorms. According to ^is theory, which 
has been very extensively received, the cold body of air 
derives its low temperature, notfr&m electricity/, but from 
some known source of cold ; and the combination, which 
occasions the hail, may arise in various ways, the prin- 
cipal of which appear to be the following. 

301. First. An exceedingly cold wind, coming from 
a region far above the limit of perpetual frost, m^ay 
meet with a current of warm, air, blowing from a point 
many thousand feet below this limit. 

Secondly. By the force of whirlwinds, large volumes 
of warm air from the surface of the earth may be sud- 
denly transported into the higher and colder regions of 
the atmosphere. 

Thirdly. In the vicinity of lofty mountains, cold 
blasts are frequently known to sttwep down their sides 
from the snowy peaks and glaciers, and mingle with 
the warm, atmosphere of the, vales. 

Each of these methods we will discuss separately. 

302. CuR-vE OF Perpetual Congelation. In Art. 
53, we have seen that a point can be reached in every 
latitude, where moisture, once frozen, always remains 
so. An imaginary line passing through these points, 
and extending fiom pole to pole, forms what is termed 
the curve of perpetual congelation, which possesses the 
peculiar figure shown in the annexed cut. 

Does the electric theory agree with facta 7 

What are Professor. Olmsted's view^ in. regard to electricity 7 

Whence comes, according to his theory^ the cold of the hailstonn t 

In what three ways may hailstorms arise 1 

What is the curve of congelation? 
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Fig. 17. 
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303. The heights of the curv^ from the surface of the 
globe vary but little from the equator to Lat. 30° ; but 
from 30° to 60° the change is very great, and the line 
rapidly approaches the earth. 

The difference in the height of the points of congela- 
tion, for every five degrees of latitude, is presented in the 
following table : 



Difference of height in feet 

. . 122 
. . 388 
. . 569 



Lat. 

0° to 5° ... . 

5° to 10° ... . 

10° to 15° . . . . 

15° to 20° 779 

20° to 25° 689 

25° to 30° 1,438 

30° to 35° 928 

35° to 40° 1,648 

40° to 45° 1,358 

45° to 50° 1,398 

50° to 65° 1,348 

55° to 60° 1,228 

60° to 65° 1,168 

65° to 70° 959 

70° to 75° 809 

75° to 80° 628 

304. Action op Opposite Currents. We are now 

to imagine, for the sake of illustration, thjit a north 



Describe Its peculiarities. 
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wind, originating in 50° N. Lat., moves horizontally at 
the rate of sixty miles per hour, at an altitude of ten 
thousand feet ; while a south wind blows simultaneous- 
ly from 30° N. Lat. with the like velocity, and at ihe 
same height. 

If they are upon the same meridian, they will meet 
in ten hours at 40° N. Lat., and since the first wind 
commences its course at M, three thousand feet above 
the limit of constant frost, it will be extremely cold ; 
while the south wind will be comparatively warm, as it 
proceeds from a region, N, two thousand feet below the 
boundary of perpetual congelation. , 

By the union of air, thus widely differing in temper- 
ature, the inherent atmospheric vapor is both condensed 
and frozen, and the central portion of the hailstone 
formed, which, in its descent to the earth, is gradually 
enlarged by constant accretions of frozen moisture. 

305. The prevalence of such opposite currents as 
have just been supposed, has already been shown (Art. 
222) ; and it is by no means improbable that, in their 
ceaseless circuits, there are times in which they encoun- 
ter each other. It may be asked, how can the different 
winds preserve their respective temperatures, in traversing 
a distance of ten degrees ? To this it is answered, tha^ a 
fluid in motion can pass through a fluid of the same 
kind in repose, and differing in respect to heat, without 
suddenly changing its own tempercUure. The waters 
of the Gulf-stream, flowing through the North Atlantic 
from the torrid zone, are warmer than the ocean, even 
in the latitude of Newfoundland. 

306. The occurrence of hailstorms, under these cir- 
cumstances, substantially agrees with facts. It will be 
seen, by referring to the figure, that the mingling of 
opposite winds, at a lofty elevation, in the tropics^ C, C*, 
would occasion nothing but a combination oi warm cur* 



Explain the action of opposite currents. 
Why can the currents preserve their respectiye temperatures 1 
Show to what extent the occurrence of hailstorms, under these circum- 
stances, accords with facts. 
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reniSy and in the polar climes of cold currents, A, A*; 
in neither case coulcf hail be the result of the union. 

In the temperate regions, the admixture of warm and 
intensely cold currents can only be found, and precisely 
within these limits hailstorms are most prevalent. 

Their frequency in summer is attributed to the cir- 
cumstance, that the opposing winds are then most 
easily set in motion by the increased energy of the solar 
rays. 

307. The space ravaged by hailstorms, often indicates 
the presence of aerial currents, the devastations being 
frequently confined to a loiig and narrow strip of coun- 
try. Sometimes the storni proceeds in two parallel 
tracks, leaving the intervening region entirely unin- 
jured. 

Thus a hailstorm once commenced in the south of 
Prance in the morning, and in a few hours reached Hol- 
land. The places desolated formed two parallel paths 
from S. W. to N. E. ; the length of one was 435 miles ; 
and that of the other 497 miles. The average width of 
the eastern track was five miles, and that of the western^ 
ten ; and upon the space comprised between them, which 
was twelve miles and a half in breadtli, no hail fell, but 
only a heavy rain. 

308. Action op Whirlwinds. It has been stated, 
(Art. 132,) that whirlwinds are not always vertical, but 
frequently inclined towards the earth. In consequence 
of this position, the gyratory motion of the whirl (if its 
diameter is considerable) will, doubtless, often carry up 
hot and humid air from the surface of the earth into 
the higher regions of the atmosphere, bringing down in 
return large volumes of cold air from the upper strata ; 
thus causing such a combination as results in the pro- 
duction of hail. This action will be more extensive and 
energetic if, as some suppose, whirlwinds at times exist 
whose axe^ are parallel to the horizon. 

309. It must also be remembered, that in the vortex 
of the whirlwind the air is rarefied^ and into this partial 

Explain the action of whirlwinds. 
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void the cold air from above will descend, by reason of 
its superior \i^ eight; while below, on account of the 
pressure of the surrounding atmosphere, warm currents 
will stream under the base into the vortex. Here, then, 
may evidently occur a union of hot and cold air, differ* 
mg so greatly in temperature that the condensed moist- 
ure will freeze into hail. 

The cold, arising from the rarefaction of the air in the 
centre of the whirlwind, also contributes to the forma- 
tion of hail. 

310. InpIuence of High Mountains. In the vicin- 
ity of those lofty mountains, whose peaks are always 
covered with ice and snow, destructive hailstorms fre- 
quently occur. The south of France, which lies be- 
tween the Alps and Pyrenees, is annually ravaged by 
hail ; so great is the ruin to the productions of the soil, 
and especially the vineyards, that the yearly loss to the 
national revenue was estimated, by the Linnean Society 
of Paris, at fifty millions of francs, or nine millions three 
hundred arid seventy-Jive thousand dollars. 

In Peru, hail has been seen to fall ; and on the 17th 
of August, 1830, it covered the streets of Mexico to the 
depth of severed inches. 

311. That such phenomena should arise in these and 
similar localities, is by no means sui'prisiug: for cold 
blasts of wind descending from the snowy summits of 
the neighboring mountains, and mingling with the warm 
air of the plains, could doubtless occasion these results ; 
and the existence of such breezes is fully established. 

312. Hail in Southern India. Hail sometimes 
occurs within the tropics, even at a distance from those 
mountain-chains that rise above the limit of perpetual 
frost. Thus in India, in 16° 30' N. Lat., during the year 
1825, hailstones fell at Darwar, of the size of pigeons' 
eggs ; and in a similar storm, which happened at 



In what localities do hailstorms occur? 

Give instances. 

What is the cause of hail in these regions'} 

Does hail eyer occur at a distance from snow-capped mountains 1 

6* 
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TrincoDopoIy, in 1S05, the stones- were as large as wal- 
nuts. 

313. In conclusion, we may say in regard to this sub- 
ject, that at present it is not fully understood. Much 
valuable information has been gathered, but hitherto no 
theory has been advanced, which completely accounts 
for all the facts that arise. 

; Give^instances. 
Is thip subject fully understood 1 



PART IV. 

ELECTRICAL PHENOMENA. 



CHAPTER I. 

OF ATMOSPHERIC ELECTBJCITT. 

314. The atmosphere is usually electrified. The 
means employed for collecting its electricity differ ac- 
cording to the object proposed ; for we may desire to 
conduct our investigations at one time in the lower 
regions of the atmosphere, at another in the higher ; or 
the air may be explored to a great distance horizontally, 

316 Electrometers. For ascertaining the elec- 
tric state of the atmosphere near the surface of the earth, 
Volta's electrometer is sufficient. An electrometer is an 
instrument which serves to indicate and measure elec- 
tricity. The one just mentioned consists of a ^lass jar, 
surmounted by a pointed, metallic rod ; and to the lower 
end of the rod, which enters the jar, two fine straws are 
loosely attached. The pointed rod, collecting the elec- 
tricity from the air, the jtwo straws become similarly 
•electrified and recede from each other, (C. 957) ; the 
amount of divergence measuring the intensity of the 
fluid. 

316. Insulated rods of iron are erected for testing 



What is the subject of part fourth 1 

What of chapter first 7 

What is the usual state of the atmosphere? 

Why are different means employed for collecting its electricity 1 

What are electrometers? 

How is the electric state of the atmosphere near the earth ascertained 7 
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the air at greater elevations. By means of its pointed 
summit, the entire conductor becomes charged with 
atmospheric electricity, the nature of which is easily 
determined by the electrometer. 

At the Kew Observatory, near London, the conductor 
is a conical tube of thin copper, raised sixteen feet 
above the roof; to the top of tne tube a lamp is affixed, 
its ascending stream of smoke and heated air being an 
excellent collector of electricity. 

Where a fixed apparatus is not at hand, observations 
may be made by discharging metallic arrows into the 
air, in the way hereafter to be described. 

317. Experiments are made in the higher regions of 
the atmospnere by the aid of kites and balloons. The 
string of the kite must be wound with fine wire, in order 
to convey the electric fluid from the sky ; and it must 
also be insulated, by attaching the lower end either to 
a silken cord or glass pillar. Small, statioliary balloons 
are sometimes employed, the strings of which are 
arranged and fastened in the same manner. 

Occasionally meteorologists ascend in balloons for 
the purpose of making observations. 

318. The method adopted by Mr. Crosse, of Broom- 
field, near Taunton, for exploring the atmosphere in a 
horizontal direction, is the following. Upon some of 
the loftiest trees on his estate, strong poles are firmly 
fastened, and a copper wire extended from tree to tree ; 
its length was, origmally, a mile and a quarter^ but is 
now about 1600 feet. The wire, being perfectly insu- 
lated, forms a conductor, conveying the electricity of 
the atmosphere to the room of the observer ; where one 
end of it terminates in an insulated brass ball, near 
which is a receiving ball, connected with the ground. 

In all apparatus for collecting atmospherical electri- 
city, the most careful and certain arrangements should 
be made for conveying harmlessly to the earth any 
excess that may accumulate. 



How at greater elevations? 

For what purpose are kites and balloons employed 1 

What was the object of Mr. Crosse's apparatus 1 Describe it. 
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By the aid of the instruments just described, much 
important knowledge has been acquired in regard to the 
electric condition of the atmosphere. 

319. Electric Condition op the Atmosphere. 
In the ordinary state of the atmosphere, its electricity 
is invariably positive ; but when the sky is overcast, 
and the clouds are moving in different directions, it is 
subject to great and sudden variations ; rapidly chanff- 
ing from positive to negative, and back again, in the 
space of a few minutes. Upon the first appearance of 
fogs, rain, hail, snow ana sleet, the electricity is gen- 
erally 7iegative ; it then changes to positive, gradually 
increasing in strength, and then decreasing in the same 
manner ; the alternations both in the strength and na- 
ture of the electricity occurring every three or four 
minutes. Similar changes are observed upon the ap- 
proach of a thunder-cloud. 

The atmosphere is highly electrical, either when hot 
weather succeeds a series of wet days, or wet weather^ 
follows a series of dry days, 

320. Annual Variation in Intensity. The 
electricity of the atmosphere is stronger in winter than 
in summer, and, by comparing observations from month 
to month, a gradual decrease in intensity is perceived 
from January to July, but an increase from July to 
January. During the winter the Ql^cixidiiy strengthens 
with the cold, 

321. Daily Variation. At sunrise the electricity 
of the air is weak, but as the day advances, it increases 
in power, until 6 or 7 o'clock, A. M. in summer, 8 or 9 
in spring and autumn, and 10 or 12 in winter; it then 
begins to diminish, and by 2 P. M. is hardly stronger 
than at sunrise. In summer, it continues to decrease 
till some time between 4 and 6 P. M., and in winter is 
weakest about 5 P. M. 

After this period the electricity again becomes strong- 

Stato the facts in regard to the electric condition of the atmosphere. 
What is said respecting the annual variation in intensity? 
What of the daily variation 1 
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cr, advancing in intensity until about two hours alter 
sunset ; when it once more begins to abate, growing 
more and more feeble until sunrise. ' 

Thus, during the day, there is a regular fluctuation 
in the strength of the atmospheric electricity; two peri- 
ods occurring when its irUensity is greatest, and two 
when it is least. 

322. Variation in Altitude. The electricity 
of the air increases in strength with the altitude. This 
is shown by the following experiment, made by Bequerel 
and Breschet, at the monastery upon the Great St. 
Bernard. 

Having extended upon the ground a piece of gummed 
silk, ten feet long and seven wide, the experimenters 
placed upon it an electrometer ; to this they attached 
one end of a silk cord, into which was twisted a fine 
wire, the other end of the cord being fastened to an iron 
arrow. By means of a bow, the arrow was shot upwards 
to the height of 250 feet ; and as in its ascent the elec- 
tricity of the air was gradually collected and conveyed 
along the wire to the electrometer, the straws of the 
latter were seen to diverge more and more, and at length 
to strike the sides of the glass jar. 

When the cord was detached, the electricity of the 
straws was discovered to be positive. 

323. In order to determine whether this increased 
divergence was really caused by the superior energy of 
the electricity residing in the higher regions of the atmos- 
phere, the arrow was discharged horizontally/ to the 
same distance as before ; but, as it speeded on its course, 
no increased electric action was manifested by the elec- 
trometer. 

324. Experiments for the same purpose were made 
by two celebrated French philosophers. Gay Lussac and 
Biot, during their aerial voyage in 1804. From the car 



What is said of variation in altitude? 

Relate the experiment of Bequerel and Breschet. 

Describe that of Gay Lussac and Biot. 

What inference Is drawn from both these experiments ? 
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of their balloon was suspended a wire 170 feet long, to 
the lower end of whicn a metallic ball was attached ; 
the upper eud being connected with an electrometer in 
the car. By means of this apparatus, these observers 
were enabled to note the electrical changes occurring in 
the atmosphere at different heights; and, from their 
various observations, arrived also at the conclusion, that 
the electricity of the atmosphere was positive^ aiid in- 
creased in strength with the altitttde. 

OEIOIN. 

325. Evaporation. One of the most abundant 
sources of atmospherical electricity is evaporation. It 
was shown by Volta, whose experiments were confirmed 
by those of Saussure, that electricity was produced when 
water was evaporated. But it appears from the late 
researches of Fouillet, that this is only the case when 
the water is not pure, and chemical decompositions 
occur. If distilled water is evaporated, no electricity is 
developed ; but if a little chalk, lime, salt, or other 
foreign matter is dissolved in the water, the rising vapor 
is then positively electrified, and the vessel containing 
the fluid negatively. ' ' 

326. Now the waters of the earth are generally in 
this latter condition, being seldom pure, and the vapors, 
which are constantly ascending from the ground, will 
therefore possess positive electricity, and the earth 
negative. 

The briny waves of the ocean also contribute their 
share, and supply the air with a great amount of posi- 
tive electricity. 

327. The process of evaporation advances invisibly 
and in silence ; and, for this reason, we might easily 

^und^rvalue its agency in accumulating those vast stores 

What is the first source of atmospheric electricity 1 

What is said in regard to the experiments of Volta, Saussure and Pouil- 
Iet7 

In consequence of evaporation, does the air become positively or nega- 
tively electrified 7 

Ib the amount of electricity thus developed supposed to be great 1 
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I 

of electric matter which arm the storm with such ter- 
rific power. But when we reflect, that more than two 
hundred millions of hogsheads of water are computed 
to rise daily in vapor from the Meditermneau, we shall 
find no difficulty in believing, that this influence is one 
of the most energetic causes of atmospherical electricity. 

328. Condensation. Condensation^ or the change 
which vapor undergoes when returning to a fluid state 
by a decrease of temperature, is another fruitful source 
of electricity. This is shown from the great amount 
of electricity occasioned by the condensation of steam, 
as it issues from the boiler of an engine. 

In one instance, the steam which rushed from the 
safety-valve of an insulated locomotive, was found to 
develop seve7i times the amount of electricity produced 
by an electrical machine, having a plate of glass three 
feet in diameter, and making seventy revolutions in a 
minute. Machines in which the electricity was gene- 
rated by steam, have been constructed of such power, 
that a spark twenty-two inches long has been obtained 
from the prime conductor, (C. 964,) of sufficient energy 
to inflame shavings, 

329. Vegetation. The vegetable kingdom also 
supplies the air with a great amount of electricity. 

Plants during the day exhale oxygen gas ; in the 
night, carbonic acid gas — and from the experiments of 
Pouillet it appears that positive electricity rises with the 
latter when the seeds first sprout, leaving the earth in 
which they are placed negatively electrified. The same 
results probably occujr during the life of the plant. 

330. Combustion. Combustion is still another 
source of electricity. When any substance is burning, 
positive electricity escapes from it, while the substance 

What calculation would lead us to this conclusion 1 

What is the second source 1 

What is condensation 1 

How is it shown that condensation produces electricity 1 Illustrate. 

What is the third source of atmospheric electricity 7 Explain. 

What is the fourth 7 

During combustion, does the air receive positive electricity or negative? 
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itself is negatively electrified ; the atmosphere is there- 
fore the reservoir of all the positive electricity originating 
in this manner. 

331. Friction. In accounting for the electricity of 
the atmosphere, the effect of friction is not to be disre- 
garded. If "a piece of silk is shaken in the air^ it be- 
comes electrified ; and it is highly probable, that when 
masses of air, moving in contrary directions, encounter 
each other, electricity is developed by the friction of 
their surfaces. Such will be the effect, according to 
Kaemtz, when the masses differ in respect to moisture 
and temperature ; the warmer then becomes positively 
electrified, and the colder negatively. 

The action of the wind upon terrestrial objects, as 
rocks, buildings, trees, and hills, may possibly in like 
manner produce electricity. 



CHAPTER 11. 



OF THXmDER-STORMS. 



332. General Distribution. Thunder-storms 
prevail most in the torrid zone, and decrease in fre- 
quency towards either pole. 

During a residence of six years in Greenland, 70° N. 
Lat., Gisecke heard the rolling of thunder but once ; 
and, according to the testimony of the arctic navigators, 
Scoresby, Parry and others, thunder-storms rarely occur 
between the 70th and 75th degree of north latitude ; 
and never beyond the latter .parallel. As respects time^ 
they are more frequent during the summer months, - 



What is the effect oifridian 7 

If two bodies of air difier in temperature^ in what manner will the elec- 
tricity, developed by their friction, be distributed 7 
What may possibly be the effect of the friction caused by wind 7 
Of what does chapter second treat 7 
How are they distributed in regard to kUilude and time ? 
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The prevalence of these laws will be seen from the 
observations contained in the following table. 







Period of 
Observation. 


No. of days of 


No. of days of 




Places. 


Latitude. 


thunder in the 
year. 


thunder during 6 
■ummer-nionths. 




Buenos Ay res, 


34° 30' S. 


7 years. 


23 


13 


1 


Rio Janeiro, . 


22° 54' S. 


6 '• 


61 


43 




Calcutta, . . 


22O30'N. 


1 year. 


60 


45 




Padua, . . . 


45° 15' N. 


4 years. 


18 


14 




Paris, . . . 


48°30'N. 


51 " 


14 


12 




St. Petersburg, 


59° 56' N. 


11 « 


9 


8 





333. Thunder-storms are most violent within the 
torrid zone. Here the play of the lightning is inces- 
sant, and the crashing bursts of thunder most terrific ; 
and none but those who have actually witnessed a trop- 
ical tempest, can form an idea of its awful power. ' Occa- 
sionally, in the higher latitudes, fierce storms occur, like 
that which was seen by Simpson in the Straits of 
Boothia. (Art. 294.) 

334. Origin. The thunder-storm is produced in the 
same manner as the common rain-storm ; namely, by 
the condensation of atmospheric vapor ; but it differs in 
two respects ; Jirst, in the rapidity of this condensation, 
and secondly, m the accumulation of electricity resulting 
therefrom. 

335. Wo have seen that when vapor is condensed^ 
electricity is developed (Art 328) : the cloud then in the 
very process of formation becomes electrified, and to its 
own electricity is added that which collects upon its sur- 
face from the atmosphere ; wheihe»' derived from evapo- 
ration, combustion, vegetation^ friction, or any other 
source. 

This condensation must be copious, or the electricity 
would be weak ; it must also be rapidy else it will es- 



Repeat the table. 

Where are thunder-storms most violent *? 

How does the thunder-storm differ from the common rain-storm 7 

Whence is the electricity of the thunder-cloud derived ? 

Why must the condensation be both copious and rapid ? 
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cape too fast from the cloud, and never collect in suffi- 
cient strength. 

336. Thunder-storms are Usually attended by a change 
in the direction of the wind, which accounts for the con- 
densation of atmospheric vapor ; indeed, one of the most 
sublime elements of a storm of this nature, is the conflict 
and raging of opposing currents. 

In the Meteorological Register of Yale College are 
recorded 116 thunder-storms, which occurred between 
1804 and 1823. Of this number, ninety-nine were 
either preceded or followed by an alteration in the direc- 
tion of the wind ; the change in Jifty instances being 
from a sonth-tcesterly breeze to a north-westerly. 

Since the air abounds with vapor when its tempera- 
ture is high, the condensation will be most copious if 
a loss of heat then suddenly takes place. We there- 
fore easily perceive the reason, why thunder-storms are 
more frequent in summer than in winter, in low than in 
iiigh latitudes, and their intensity greatest in the tropic 
climes. 

For the same reason they happen more frequently 
after mid-day than in the morning. 

337. Electrical State op Thunder-clouds. 
Since the air surrounding it is a non-conductor, a single 
thunder-cloud floats in the atmosphere a vast insulated 
conductor (C. 963) ; its electricity being spread over 
the surface of the globules of which it is composed, and 
there retained by the pressure of the atmosphere. 

338. Thunder-clouds may be either positively or neg- 
atively electrified ; and the observations of Mr. Crosse 
lead to the conclusion, that at times a cloud of this kind 
IS complex^ consisting of a series of concentric bands or 
zones, alternately positive and negative ; the electricity 
being weakest at the edges of the cloud, and strongest 
at tlie centre, 

II- - * - . -^ 

How is this condensation effected ? What fact is stated in proof 7 
Explain the cause of the difierences that exist in thd frequency and vio 
lence of thunder-storms. 
'What'is the electric state of a single thunder-cloud 1 
State Mr. Crosse's opinion. 
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Thus in figure 18., which rep- «<- « 

resenta a eection of such a cloud 
obliquely seen, P P' P ", &.C., aie 
positive zones, N N' N", &c., ?ie^- 
aiive, and llie number of dashes 
show the increase of intensily. 

339. Electric Action op 
Thunder-clouds. The earth 
may be regarded as a-reservoir of 
electricity : wlieti, therefore, an 
electrified cloud floats near its sur- 
face, it induces the opposite elec- 
tricity upon the grouod immedi- 
oiely beneath it. 

The cloud may approach so near, tiiat the mutual at 
ti'aclion of the two electvicities overcomes the pressure 
of the atmosphere ; a union then occurs, and the light- 
ning, at the same moment, is seen darting between the 
cloud and the earth, and soon after the rolling of thun- 
der is heard. 

340. A similar inductive action arises between the 
clouds themselves ; for, if two clouds differently electri- 
fied approach each other, the electricity upon the twar- 
est opposite surfaces augments in intensity, and often 
increases to sucii a degi'ee that a discharge takes place, 
the lightning then fiasning from cloud to cloud. It may 
sometimes happen, that the path of least resistance will 
not be directly through the air, but from the first cloud 
to the earth, and from the earth to the second cloud, 
and under these circumstances the lightning will take 
the latter route. 

341. Return-stroke. When a highly chatted 
thunder-cloud approaches the earth, it induces, as al- 
ready slated, the opposite kind of electricity upon the 
ground below, and repels that of tlie same kind. Should 

Describe the electric action of thnnder-donda. 
When does a flash occur 1 

What is the Influence of one cloud upon snolherl 

wily does Ilie lightning in passing from cloud to cloud SOmelimei take 
the eorlh In Its coureel What is the retnrn-atrokal 
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the cloud be extended, and come within Btriktng dis- 
tance, either of the earth or of another cloud, a flash at 
one extremity is often followed by a flash at the other. 
This is called the return-stroke, which sometimes o^ 
curs with such violence aa to destroy life, even at the 
distance of several miles from the place of the first dis- 
charge. The mode of action may be explained hy 
means of the following figure. 



343. Let D B represent a thunder-cloud, positively 
electrified, and within striking distance of the tree A ; 
(he cloud, at D, being near the summit of the hill, C, 
By the inductive action of the cloud, the positive elec- 
tricity will be repelled from the tree, A, and the sum- 
mit, C: and both will be highly charged with negative 
electricity, jusf before the flash occurs. The moment 
this happens at B, the cloud becomes uneleclrified, its 
inductive action upon C suddenly ceases, the positive 
electricity, which had been repelled, instantaneously 
returns, and, uniting with the negative electricity at C, 
produces an explosion. If, at this time, a person should, 
unfortunately, be standing upon the top of the hill, his 
death might ensue. 

343. In this manner the following singular facts have 

Howiaitcau^dl 

IlluBltace from tlie figure. 

Relate (he insUmcei given In Art. 31?. 
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been explained, which happened on the 10th of July, 
1785, in the vicinity of Coldstream, in Berwickshire. 
Alter a fine morning, clouds were seen in the north- 
west by tlie observer Brydone, at about eleven o'clock. 
Between twelve and one o'clock, the storm being still 
distant, lightnings were seen darting from cloud to 
cloud, followed by thunders. Immediately after, Bry- 
done was startled by several loud explosions near his 
house, like the reports of a gun. At this moment two 
carts loaded with coals were passing by. The driver 
and horses of tiie first were instantly killed, and the coal 
scattered in all directions, while the driver of the second 
wagon, which was about twenty yards behind, neither 
perceived any lightning nor experienced any shock. 
Upon examination, the hair on the legs and bellies of 
the horses was found to be singed, and where the wheels 
rested at the time of the explosions, the tire was melted, 
and two round holes were discovered in the ground. A 
quarter of an hour before this event, and at a spot nearly 
a mile and three-quarters distant, a sKepherd of the 
name of Bell perceived a lamb suddenly fall, while a 
flame passed before his face. Upon raising the lamb 
he found it to be dead. A woman, who \vas cutting 
grass upon the bank of the Tweed, felt a violent shock 
upon the soles of her feet, and was thrown to the 
ground. 

During a storm which happened near Manchester, in 
June, 1835, loud discharges were heard at different 
points of a road, like the reports of a pistol, and electric 
flashes distirictly seen ; a person is said to have been 
killed at this time, by an explosion under his right foot 

344. Height op Thunder-Storms. Though thun- 
der-storms prevail in the lower regions of the atmos- 
phere, they have often been seen at a very great alti- 
tude. A storm, observed by Kaemtz, amid the moun- 
tains of Switzerland, rose to the height of more than 
10,000 feet, and the dwellers in the vale of Chamouni 
assured him, that storms frequently swept over the 



What is said respecting the height pf thunder-storms 7 
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summit of Mont Blanc. On the peaks of the Cordille- 
ras, a violent thunder-storm was encountered by La 
Condamine and Boguer, at an elevation of even 16,0(X) 
feet. Vitrified rocks have at times been discovered at 
lofty heights, and as this change is supposed by some to 
have been effected by lightning, they have sought to 
determine the altitude of thunder-storms from facts of 
this kind. The reasoning, however, is inconclusive, for 
these vitrifications may be owing lo olher causes, and 
were we even to grant that they are produced by light- 
ning, the case is by no means proved ; since a flash 
sometimes passes between the clouds and the earthy 
when the former are below the point that is struck. 

Thus, on the first of May, 1800, a church situated 
on Mount St. Ursula, a lofty peak in Styria, was struck ; 
and seven persons were killed by a flash of lightning 
darting upwards from a thunder-storm below. 

345. From the observations of Peytier and Hossard 
among the Pyrenees, it appears, that the upper and 
lower surfaces of thunder-clouds bear no resemblance 
to each other, for while the latter are perfectly level, the 
former due broken a.nd uneven, pveseniing the appearance 
of mountains and ridges ; whence, during seasons of great 
heat, lofty peaks and pinnacles of clouds shoot far up 
into the sky. 

LIGHTNING. 

346. Origin. When a portion of air is subjected to 
a very sudde?i and powerful compression, a spark is 
elicited (Art. 551) : that electricity produces such a com- 
pression can be proved by experiment, and to the ener- 
getic condensation of the atmosphere before the electric 
fluid, in its rapid progress from point to point, is at- 
tributed the vivid flashes that illumine the stormy sky. 

347. Kinds. Lightning has been divided by Arago 
into three kinds, principally distinguished by their form, 
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viz., zigzag-lightning, sheet-lightning, and baU-light" 
ning, 

348. ZiGZAo-LiOHTNiNG. This kind is so called 
from the peculiarity of its figure, which is thus explain- 
ed. As the electricity passes through the atmosphere, 
the air is supposed, at length, to be so powerfully com- 
pressed before it, that a great resistance is presented, 
and the electric fluid then finds an easier route in some 
other direction. In this it proceeds, until it once more 
meets with a like opposition, and is compelled again to 
change its course ; and thus it continues glancing from 
side to side, until at last it reaches the place it seeks. 

Zigzag-lightning appears as a narrow, jagged line of 
intensely vivid light, traversing space with extreme 
velocity. On account of the unequal conducting power 
of different portions of the atmosphere, the flash some- 
times divides, branching out in several different direc- 
tions ; the lightning is then said to be forked. A divi- 
sion into three distinct lines is of rare occurrence ; but 
even more have been seen, for Kaemtz beheld, at Halle, 
in June, 1834, a flash of lightning which threw out nu- 
merous branches at the sides ; the whole presenting the 
figure of a spine, with its supporting ribs. 

It is said that zigzag-lightnings usually pass between 
the clouds and the earth, seldom flashing from cloud to 
cloud. 

349. Sheet-Lightning. This kind is the most 
common, and appears during a storm as a diffuse glow 
of light, illuminating the edges of the clouds ; and at 
times breaking out from the central mass. When it 
occurs, the clouds are said to jopen. The flashes of 
sheet-lightning often follow each other in rapid succes- 
sion, for the space of many hours ; their intensity is by 
no hieans great, and the thunder which attends them is 
low and distant. 

350* Ball-Lightning. Lightning of this class is 
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extremely r€urey and so singular are its attendant phe- 
nomena, that we might well doubt its existence, were 
not the instances of its occurrence fully authenticated. 
In a storm that happened at Steeple Aston, Wiltshire, 
in 1772, the Rev. Messrs. Pitcaiirne and Wainhouse, 
while in the vestry of the. church, saw suddenly before 
them, at the distance of a foot, and at about their own 
height from the floor, a bail ofjire, nearly the size of a 
man^sjist, surrounded by a black smoke. It burst with 
an explosion like the discharge of several cannon. 
Pitcairne was dangerously wounded, and his person and 
clothes showed the usual marks of lightning. 

During a thunder-^torm that occurred in 1809, at 
Newcastle on Tyne, the house of David Sutton was 
struck : the lightning descending the chimney. After 
the explosion, several persons who were assembled in a 
room, saw at the door a globe of jircy which, after re- 
maining stationary for some time, advanced into the 
middle of the room, where it burst into fragments, with 
a report like a rocket. 

351. On the fourth of November, 1749, in 42° 48' N. 
Lat., 2° W. Long., the crew of the ship Montague be- 
held, a little before noon, and beneath an unclouded 
sky, a globe of bluish fire^ like a millstone^ rolling rapidly 
upon the sea. At a short distance from the vessel, it 
rose perpendicularly from the water, and struck the 
masts with an explosion louder than the discharge of a 
hundred cannon. Five sailors were thrown senseless 
upon the deck, one of whom was severely burned. 

In the midst of a storm in Scotland, two globes of 
fire, connected together like chained cannon-shot, were 
seen by a Mr. Lumsden, passing through the sky 
revolving one about the other, and striking at last upon 
the summit of a hill. Philosophers have not yet been 
enabled to account for lightning of this description; it 
has, however, been supposed to arise from an uninter- 
mitted discharge of electricity. 

352. Heat-Lightning. It not unfrequently hap- 

Relate instances. How is bali-lightning supposed to arise 1 
What is heat-lightning7 

7 
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Esns, during the serene evenings of summer, that the 
orizon is illumined for many hours with successive 
flashes of light, unattended with thunder. This is called 
heat-ligktningj and has much perplexed meteorologists. 
It is affirmed by some, that this illumination is the 
reflection from the atmosphere of the lightnings of re- 
mote storms ; the storms themselves being so far dis- 
tant, that their thunders cannot be heard. Others assert, 
that during warm, sultry weather, when the air is highly 
rarefied, its pressure upon the clouds is so much dimin- 
ished, that the electric fluid can never accumulate upon 
their surface beyond a certain point, when it escapes 
in noiseless flashes to the earth. 

353. Multiplied observations have proved, that heat- 
lightning generally originates in the first-mentioned 
cause ; but the instances are by no means rare, when 
silent flashes of electric light play between the earth 
and the clouds. These cases occur when the weather 
is sultry, the air being then both rarefied and moist ; 
two conditions which lessen its non-conducting power ; 
the atmosphere thus becomes an imperfect conductor 
between the clouds and the earth, which are in opposite 
electrical states, and opposes just sufiicient resistance to 
the passage of the electric fluid as to render it visible. 

354. Velocity of Lightning. By a very ingenious 

f)iece of apparatus, Prof. Wheatstone, of King's Col- 
ege, London, has been enabled to show that the dura- 
tion of a flash of lightning is less than the thousandth 
part of a second, 3ind Aragp has demonstrated that it 
does not exceed the millionth part. 

Now the duration of a flash, is the time it occupies in 
traversing the space between, two clouds, or between a 
cloud and the earth ; if we then estimate this distance 
to be equal sometimes to a quarter of a mile, which is 
a low computation, the velocity of lightning, in such 
cases, according to Arago, could not be less than 250,000 
miles per second. The electricity developed by the 
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electrical machine, has been shown by another beaur 
tiful contrivance of Prof. Wheatstone, to possess a speed 
of 288,000 miles per second : the rapidity of lightning is 
probably not less. 

The preceding remarks apply only to lightnings of the 
first and second class. Ball-lightnings, on the contrary, 
often move slowly, and are visible for many seconds. 

355. Color. When thunder-clouds are near the 
earth, the flashes are of a brilliant white ; but when the 
storm is high, and the lightnings play through a rarefied 
atmosphere, their color approaches to violet, A spark 
of electridty assumes the same hue, when it is made to 
pas9 through the exhausted receiver of an air-pump. 

356. Effects of Lightning. These are precisely 
similar to those of common electricity in kind, though 
far exceeding them in degree. Life is destroyed by the 
shock, the stoutest trees shivered to pieces, ponderous 
weights displaced, combustibles inflamed, metals soft- 
ened and fused, sand" vitrified, and iron and steel ren- 
dered magnetic. It is needless to multiply instances in 
proof of these particular points, but a few cases may 
tend to impress them upon the mind. 

357. On the night of the 21st of June, 1723, a tree 
in the forest of Nemours was struck by lightning. The 
trunk was split into two fragments, one seventeen feet 
long, the other twerUy-two ; and though the first required 
four men to lift it, and the second eight, yet both of 
them were hurled to a distance of seventeen yards. On 
the 6th of August, 1809, a flash of lightning struck a 
house at Swinton, near Manchester. The wall of a 
building attached to the house was loosened from its 
foundation a foot below the ground, and raised in a 
mass to the surface, still maintaining its upright posi- 
tion ; one end of it was moved nine, and the other four 
feet from its original place. The wall thus moved was 
eleven feet high and three feet thick, and contained 7000 
bricks, which, exclusive of the mortar, were estimated to 
weigh nearly twenty-six tons. 

What of its Gotor ? What of its effects ? 
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On the 20th of April, 1807, at Great Mouton, in Lan- 
cashire, a windmill was struck by lightning ; the fluid 
passed along a large iron chain, the links of which 
were so softened^ that by their own weight they became 
welded together ; and the chain was converted into an 
inflexible bar of iron. 

In Sept. 1845, a house at New Haven, Ct., was struck 
during a thunder-storm. Several articles of steel were 
rendered magnetic^ and a razor, lying in a case near the 
spot where tlie lightning entered, was found capable of 
sustaining a key, weighing half an ounce. 

358. Fulgurites. When a flash of lightning falls 
upon sand, its path below the surface is often marked 
by di fulgurite^ so called from the Latin word fulgur^ 
lightning. It is a tube' composed of sand, vitrified by the 
action of the lightning, Fulgtuites were first discov- 
ered in Silesia, in 1711, and specimens were forwarded 
to the museum at Dresden, where they are still preserved : 
they have since been found in great numbers, in 
Germany, England, and amid the sands of Bahia, in 
Brazil. 

The fulgurite is winding in its form, often throws out 
lateral spurs or branches, and contracts in size towards 
the lower extremity, which usually terminates at a spring 
of water, or in some substance that is a good conductor 
of electricity. 

359. These tubes are generally hollow, the interior 
surface being coated with a brilliant glass. Their di- 
ameters vary {vorafour-hundredths of an inch, to three 
inches and a half and the thickness of their sides from 
one-fiftieth of an inch, to nearly an inch. 

The branches of the fulgurite, differ in length from 
three quarters of an inch to afoot, but the main tube 
often extends to the depth of many yards. Several of 
considerable length, which had been taken from the 
sandy plains of Silesia, were exhibited at London, some 

■ 
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years aga, by Dr. Fiedler, of Germany. One, discovered 
at Paderborn, in Westphalia, wdiS forty feet lofig. 

360. That these tubes are really proiduced by light- 
ning, has been proved by actual observation. A num- 
ber of sailors, being upon the isle of Amrum, in Den- 
mark, saw a flash of lightning fall upon the sand"; upon 
examining the spot, they found a fulgurite:. a similar 
circumstance happened on the borders of Holland. 
Savart and others have obtained artificial fulgurites^ 
by passing powerful electric sparks through powdered 
glass, and a mixture of sand and salt ; tubes were thus 
formed an inch in length, and the tenth of an inch in 
thickness, the inner diameter being the twenty-fifth of 
an inch. 

361. Volcanic-Lightning. The clouds of smoke, 
ashes, and vapor, that issue from volcanoes during their 
eruption, are the scene of terrific lightning and thunder. 
Pliny the younger, in his letters to Tacitus, mentions 
the lightning that was seen above Vesuvius,^ during its 
eruption, in the year 79, A. T>, In that which occurred 
in 1767, the inhabitants at the foot of the mountain as- 
sured Sir William Hamilton, that they were more terri- 
fied at the lightning which flashed around them, than 
by the burning lava, and all the other attendant dangers. 

During the eruptions of the same mountain in 1779 
and 1794, there appeared, in the midst of the dark vol- 
canic clouds, globes offire^ which, bursting like bomb- 
shells, darted on every side vivid flashes of zigzag-light- 
ning. In the latter eruption were heard loud and con- 
tinued 'peals of thunder, 

362. The cause of volcanic-lightning is found, in the 
rapid condensation of the vast volumes of heated vapor, 
wnich are carried up from the crater of the volcano into' 
the higher and colder regions of the atmosphere. 

In like manner, in the midst of water-spouts and 
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whirlwinds, an abundant condensation of vapor suddenly 
occurs, which frequently develops such an amount of 
electricity, that the lightning here displays itself in all 
its fearful energy. 

363. Thunder. In consequence of the lightning 

f)assing through the atmosphere with an amazing ve- 
ocity, it leaves a void space behind it, into which the 
surrounding air instantly rushes, with a loud report. 
This noise is thunder. 

When the lightning is near the observer, the report is 
sharp and quick, but when at a distance, it is long and 
rolling. 

364. The rolling of thunder is frequently occasioned 
by the reverberations of the sound, from clouds and 
adjacent mountains ; but this is by no means always the 
case. When the lightning-flash darts to a great dis- 
tance, such is its velocity, that the thunder may be 
considered as occurring at every point of the flash at the 
same time. But sound has a progressive motion of 1142 
feet per second, and all the thunder will not reach the 
ear at the sams instant. It will be first heard from the 
nearest point, in the path of the flash, and later and later 
from points more remote ; and the combined effect will 
be a continued peal. 

The zigzag form of the flash, and its division into 
several streams, is regarded by Herschel as affording an 
adequate explanation for all the changes that occur in 
the sound of the thunder-peal. 

365. The tims that elapses between the lightning and 
the thunder, enables us to form an estimate of the dis- 
tance of the former, which is a little more than a m^ile 
for every flve seconds. This interval usually varies 
from three to sixteen seconds ; but cases have occurred, 
where it has amounted to fifty, and even seventy-two 
seconds. 

366. Identity op Lightning and Electricity. 



What is the cause of thunder t 

How is its rolling occasioned 1 

How can we estimate the distance of lightning? 

How great an interval of time sometimes occurs 1 



LIGHTNING AND ELECTRICITY. 161 

The resemblanee between lightning and electricity was 
noticed by the earlier electricians, Wall, Grey, and Nol- 
let ; but their identity was first established by Dr. Frank- 
lin. The strong points of similarity which convinced 
him of this fact, were the following. 

\st. Lightning and the electric spark are both zig- 
zag inform, 

2d. Lightning strikes trees, chimneys, spires, masts 
of vessels, mountains and elevated poijits upon the sur- 
face of the earth. Electricity is likewise attracted by 
pointed bodies. 

3d. Both choose the best conductors. 

Ath. Both ignite combustibles. 

6th. Both fuse metals. 

6th, By the action of each, a bad conductor is shiv- 
ered when struck. 

7th. Lightning reverses the poles of a mxignet, and 
renders iron magnetic Electricity does the same. 

Sth. Animal life is destroyed by each. 

9th. Blindness is produ^ced by both. 

368. Franklin, however, did not stop here. He re- 
solved to test the truth of his reasoning, by drawing 
lightning from the clouds, and in June, 1752, made the 
hazardous experiment in the vicinity of Philadelphia. 

369. Franklin's Experiment. Having made a 
kite, by tying the corners of a large silk handkerchief to 
the ends of two light strips of cedar that crossed each 
other, and placed upon it a pointed iron wire connected 
with the string, Franklin went out into a field upon the 
approach of a thunder-storm, accompanied by his son. 
When the kite was raised, he attached a key to the lower 
end of the hempen string ; to the key one end of a silk 
ribbon was now tied, the other being fastened to a post. 
The kite was thus insulated, and the experimenter, for 
a considerable time, awaited the result with intense 
soUcitude. A dense cloud passed over, but no indica- 

By whom was the identity of lightning and electricity first established 7 
What points of similarity did Franklin observe 1 
Relate Franklin's experiment. 
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tions of electricity afqpeared upon Uie string ; when, just 
as Franklin began to despair of success, he beheld the 
loose fibres of tbe cord starting asunder, and immedi- 
ately presenting his knuckle to the key he received an 
electric spark. The rain now descending, increased the 
conducting power of the string, and vivid electric sparks 
issued from the key in great abundance. By means of 
the lightniug thus obtained, all the common electrical 
experiments were performed, and the identity of light- 
ning and electricity thus indubitably proved. 

370. Romas' Experiment. No sooner wa^ this 
wonderful discovery made known, than men of sci^ce 
were eager to repeat the experiment. 

With a kite eleven feet high and three feet wide, 
Romas obtained in France the most brilliant and aston- 
ishing results. In one instance, when the kite was 
raised during a storm, such an accumulation of electrici- 
ty occurred, that streams of electric fire nine or ten feet 
long, and an inch in thickness^ flashed spontaneously 
from the string, with reports, like those of a pistol. 
Thirty streams of this magnitude burst forth in the 
space of an hour, without counting a multitude of others, 
seven feet in length. 

371. Richman's Death. That such experiments 
are, however, attended with great danger, unless every 
precaution is strictly observed, is proved by the unfor- 
tunate death of Prof. Richman, of St. Petersburg, who 
was killed by lightning, on the 6th of August, 1753. He 
had erected, upon the top of his house, an iron rod from 
which proceeded a chain that entered his study. The 
whole apparatus was entirely insulated. On the day in 
question while examining the electrometer, as a thun- 
der-storm was approaching, a large globe of blue fire 
flashed from the conductor to his head, instantly depriv- 
ing him of life. 

■ ■ " ' .11. I I I. I . I ^ 
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• 

372. The invention of the lightning-rod for the pro- 
tection of buildings was the fruit of the brilliant discov- 
ery of Franklin. Even before his decisive experiment 
he had been led to suppose, from the analogies existing 
between lightning and electricity, that pointed metallic 
rods might possibly disarm the thunder-cloud of its ter- 
rific power. 

373. In order that the lightning-rod, or conductor, 
may afford an effectual protection, regard must be had 
to the material of whicn it is made, its size, and the 
mode of erection. 

374. Material. Wrought iron is usually employed, 
and forms a good conductor ; but copper is preferable, 
inasmuch as it is less liable to be corroded or fused, and 
possesses a greater conducting power. 

375. Size. The rod, if made of iron, should be three- 
quarters of an inch in diameter, and its upper extrem- 
ity should terminate in ons or more points. Each of 
these points (which are usually three in number) ought 
to be capped with some metal which does not rust, as 
silver, gold, or platina ; for the conducting power of 
the points, if made of iron, w^ould be weakened by the 
rust. 

376. Mode op Erection. The rod should be con- 
tinuous from the top to the bottom,; an entire metallic 
communication existing throughout its whole length. 
This law is violated, when the joints of the several parts 
that form the conductor are imperfect, and the whole is 
loosely put together. The parts may be screwed one 
into the other ; or the rod may be formed of wires twist- 
ed together. 

377. The conductor should be fastened to the build- 
ing -by wooden supports, but if masses of metal, as 

By whom was the lightning-rod invented 1 
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leaden pipes and troughs,^ are connected with the build- 
ing, it IS best to attach them to the rod by strips of 
metal ; for, unless this is done, lightning may pass from 
the rod to the metal, and enter the edifice, especially if 
the rod is in any way defective. By adopting the above 
precaution, the metallic masses are made a part of the 
conductor, and if the lightning strikes them, it is con- 
veyed through the rod to the earth. 

378. The lower end of the rod should be divided into 
two or three branches, so bent as to pass away from 
the building; and it is highly essential that these 
branches should extend so far below the surface of the 
ground, as to reach either water or a permanently moist 
stratum of* earth. The rod should be surrounded with 
powdered charcoal, which at once preserves the iron 
from rust, and facilitates the passage of electricity be- 
tween the metal and the earth, in consequence of its 
conducting power. For the same reason, the conductor 
should be painted with black paint, made of charcoal. 

379. Extent op Protection. According to the in- 
vestigations of M. Charles, the lightning-rod protects t?ie 
space around it to a distance equal to twice its height. 
Thus, if the conductor extends ten feet above the sum- 
mit of a house, it affords protection to a circular space 
forty feet in diameter ; the rod being in the centre. 

The experience of nearly one hundred years has 
shown that, where the above rules and precautions are 
observed, an effectual security has been provided against 
the effects of lightning ; so far as human means can 
avail to disarm the elements. 

380. It is an error to suppose that conductors attract 
the lightning towards the building upon which they are 
erected. They simply direct the course^ and facilitate 
the passage of the electricity between the clouds and 
the earth, when a discharge must inevitably occur, 
where the building is situated. 

How great a space is projected by a lightning-rod 1 
Have we any proof of the utility of lightning-rods 1 
Is a building more or less liable to be struck when furnished with a good 
conductor 1 
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It is indeed highly probable, that sl silent axidgrculual 
discharge of a thunder-cloud, is often effected by the 
points of the rod, and an explosion thus prevented. 
This is the opinion of Arago, who expressly states, that 
" lightning-rods not only render strokes of ligktnifig 
inoffensive^ hut considerably diminish the chance of a 
building being struck at alV^ 

381. Electric Fogs. Fogs are at? times highly 
electrical ; a most extraordinary instance is thus related 
by Mr. Crosse, of Broomfield, whose apparatus has al- 
ready been described. " Many years since I was sitting 
in my electrical room, on a dark November day, during 
a very dense, driving fog and rain, which had prevailed 
for many hours, sweeping over the earth, impelled by a 
south-west wind. I had at this time 1,600 feet of wire 
insulated, which crossing two small valleys, brought 
the electric fluid into my room. From about 8 o'clock 
in the morning until four in the afternoon, not the least 
appearance of electricity was visible at the atmospheric 
conductor, even by "the aid of the most delicate tests. 
Having given up the trial of further experiments upon 
it, I took a book ^d occupied myself with reading, 
leaving by chance the receiving ball upwards of an inch 
from the ball in the atmospheric conductor. About four 
o'clock in the afternoon, wnile I was still reading, I sud- 
denly heard a very strong explosion between the two 
balls, and shortly after many more took place, until they 
became one uninterrupted stream of explosions, which 
died away and recommenced with the opposite electri- 
city in equal violence. The stream of fire was too vivid 
to look at for any length of time, and the effect was 
most splendid, and continued without intermission, save 
that occasioned by the interchange of electricities, for 
upwards of five hours, and then ceased entirely. The 
least contact with the conductor would have occasioned 
instant death, the stream of fluid far exceeding any- 
thing I have ever witnessed, excepting during a thun- 
der-storm." 
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SPONTANEOUS ELEOTKIOITT. 

382. St. Elmo's Fire. When in a darkened room 
a needle is brought near to the charged conductor of an 
electrical machine, the point is tipped with a vivid light, 
caused by the flow of electricity from the conductor to 
the needle. In the same manner when thunder-clouds 
approach very near the earth, lightning does not always 
occur ; but the electricity becomes so intense, that it 
escapes from one to the other by points upon the surface 
of the earth, which then glow with a brilliant flame. 
This phenomenon has received the appellation of St. 
Elmo's fire. It was known to the ancients by the name 
of Castor and Pollux, and many instances have been re- 
corded by classic writers. On the night before the bat- 
tle that Posthumius gained over the Sabines, the Roman 
javelins emitted a light like torches ; and Caesar relates 
that during the African war, in the month of February, 
there suddenly arose, about the second watch of the 
night, a dreadful storm that threw, the Roman army 
into great confusion, at which time fhe points of the 
darts' of the fifth legion appeared to be on fire. 

383. The fire of St. Elmo is often finely displayed 
upon the masts of vessels. An extraordinary instance, 
which happened in 1696, is thus related by Count For- 
bin : " In the night it became extremely dark, and thun- 
dered and lightened fearfully. We saw upon different 
parts of the ship about thirty St. Elmo's fires ; among 
the rest was one upon the top of the vane of the main- 
mast, about eighteen inches long. I ordered one of the 
sailors to take the vane down, but he had scarcely re- 
moved it when the fire again appeared upon the top of 
the mast, where it remained for a long time, and then 
gradually vanished." When Lord Napier was on the 
Mediterranean, in June, 1818, he observed, during a 
dark and stormy night, a blaze of pale light upon the 
mainmast of his vessel. It appeared near the summit, 



What is the cause of spontaneous electricity 7 
What name has h&ea given to this phenomenon 7 
Relate the several instances. 
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and extended about three feet downward, flitting and 
creeping around the surface of the mast. The heads of 
the other two masts presented a similar appearance. 
At the end of half an hour, the flames were no longer 
visible. 

384. This phenomenon frequently occurs on the sum^ 
mits of mountams, when thunder clouds pass near them. 
Saussure observed it upon the Alps, in 1767. On ex- 
tending his arm, he experienced slight electrjc shocks, 
accompanied by a whistling sound, and obtained distinct 
sparks from the gold button of a hat belonging to one of 
his party. It is often noticed at Edinburg castle, which 
stands upon a high rock, 250 feet above the surrounding 
country. Upon the approach of a storm, the bayonets 
of the soldiers mounting guard are frequently seen cap- 
ped with flame, and an iron ramrod, placed upright upon 
the walls, presents a like appearance. 

A singular instance of spontaneous electricity took 
place at Algiers, on the 8th of May, 1831. During the 
evening of this day, as some French officers were walk- 
ing with their heads uncovered, each was surprised at 
seeing the hairs upon the heads of his companions erect, 
and tipped with flame. Upon raising their hands, they 
perceived a similar light flitting upon the ends of their 
fingers. 

A remarkable case of this kind was obsei-ved by Pres. 
Totten, of Trinity College, at Hartford, Ct., in the mouth 
of Dec. 1839. As this gentleman was walking one 
evening in the midst of a heavy snow-storm, protected 
by an umbrella, his attention was arrested by moment- 
ary ^o^Ae^ of light, which at intervals illumined his 
path. The source of the light was detected upon meet- 
ing another person, the point of whose umbrella was 
seen covered with ^a^we, which was constantly escaping 
in flashes. The light first noticed by Pres. Totten, pro- 
ceeded from his own umbrella. 

385. Electric Rain, Hail, and Snow. Numerous 

When does it occur on the summits of mountains? 
State the cases in Art. 384. 
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and well attested instances have occurred, in whica 
rain, hail, and snow, have displayed flashes of elec- 
tric light, but we will confine ourselves to a few. Oa 
the 2& of Sept. 1773, in a thunder-storm which fell 
upon Skara, in Sweden, the drops of rain were seen to 
strike fire and sparkle as they touched the ground. 

On the 28th of Oct. 1772, as the Abbe Bertholon was 
traveling between Brignai and Lyons, in the midst of a 
heavy storm, he was surprised at seeing the rain-drops 
and hail-stones emitting ^e/5 of light, as they fell upon 
the metallic parts of his horse's trappings. 

U is also recorded, that the miners of Freyburg, on 
the 25tli of January, 1822, beheld the sleet which fell 
during a storm ^a^A with light as it struck the earth. 

386. It is not difficult to explain these phenomena ; 
we have only to suppose, that the electric intensity of 
the atmosphere and the earth is at these times very 
great, and that the electricity of the falling bodies is the 
opposite in kind to that of the ground and of the objects 
upon it. At the moment of contact the two kinds of 
electricities combine, their union (as is always the case 
when their intensity is great) being indicated by a sud- 
den flash. 

387. Electric Action upon Telegraphic Wires. 
It is not unusual for the electricity of the atmosphere 
to exert an extraordinary influence upon the wires of 
the electrical telegraph. According to Prof. Henry, 
this influence may arise, as follows, in several different 
ways. 

388. First. The wire may be struck by a direct dis- 
charge of lightning from the clouds. An instance of 
this kind occurred on the 20th of May, 1846, when the 
lightning struck the wire of the telegraph, at the place 
where it crosses the Hackensack river. From the point 

Relate the instances given of electric rain, hail and snow. 
How are these facts explained 1 

What are Prof. Henry's views respecting the influence of atmospheric 
electricity upon telegraphic wire 7 
What Ib the first mode of action ? 
Give the instance. 
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where the discharge took place, the fluid passed along 
the wire each way for a distance of several miles, strik- 
ing off at irregular intervals down the supporting poles. 
Wherever a pole was struck, a number of sharp explo- 
sions were successively heard, like the rapid reports of 
several rifles. 

389. Secondly. The state of the wire may be disturb- 
ed by the cojiduction of a current of electricity from one 
portion of space to another, without the presence of a 
thunder-cloud ; and this will happen in the case of a 
long line, when the electric condition of the atmosphere 
which surrounds the wire at one place is different from 
that at another. 

390. This difference in the electric condition of the 
atmosphere may result from a difference in elevation. 
(Art. 322.) A wire, raised by means of a kite, gives sparks 
of positive electricity, in a perfectly clear day ; hence, if 
the telegraphic wires pass over a high mountain-ridge, a 
current of electricity will be continually flowing, during 
serene weather, from the more elevAted to the lower 
parts of the wire. 

A current may also arise in a long, level line, if a/og* 
exists at one end, while the sky is clear at the other ; or 
if a storm of rain or snow occurs at some portion of the 
line, while the remainder is free from its presence. 

Currents of electricity have been produced by some 
of those causes, of sufficient power to set in motion the 
working machine of tl>e telegraph. In one case it began 
to operate spontaneously, without the aid of the battery, 
when a snow-storm prevailed at one end of the line, and 
clear weather at the other. 

391. Thirdly. The inductive action of a thunder- 
cloud vnay also change the natural electric condition of 
the wire. If, for example, a cloud positively electrified, 
is moving across the direction of the wire, it will con- 

What the second ? 

When will this disturbance happen in the case of a long line ? 

How may this dilTerence arise 1 

What is stated respecting the energy of the currents thus produced 1 

What is the third mode of influence ? 
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tinue, as it gradually approaches the line, to drive to 
the remote extremities of the wire, more and more of 
the positive electricity residing in it, and thus occasion a 
current. As the cloud gradually recedes, the repulsion 
it exerts is diminished, and a current then arises in the 
opposite direction, 

39^. Fourthly. Every flash of lightning which oc- 
curs within many miles of the line, produces powerful 
electrical currents in the telegraphic wires. 

To this influence Prof. Henry attributes the phenom- 
ena witnessed by himself, on the 19th of June, 1846, in 
the telegraph ofBce, at Philadelphia, and which he thus 
describes. " In the midst of the hurry of the transmis- 
sion of the congressional intelligence from Washington 
to Philadelphia, and thence to New York, the apparatus 
began to work irregularly. The operator at each end 
' of the line announced at the same time a storm at 
Washington, and another at Jersey City. The portion 
of the telegraphic wire which entered the building, and 
was connected with one pole of the galvanic batteiy, 
happened to pass within the distance of less than an 
inch of the wire, which served to form the connection 
of the other pole with the earth. Across this space, at 
intervals of every few m,inutes, a series of sparks m rapid 
succession was observed to pass ; and when one of the 
storms arrived so near Philadelphia that the lightning 
could be seen, each series of sparks was found to be 
simultaneous with a flash in the heavens. Now we 
cannot suppose, for a moment, that the w*ire was actu- 
ally struck at the time each flash took place, and indeed 
it was observed that the sparks were produced, when 
the cloud axid flash were at the distance of several mMes 
to the east of the line of the wire. The inevitable 
conclusion is, that all the exhibition of electrical phe- 
nomena witnessed during the afternoon, was purely the 
eflect of induction, or the mere disturbance of the natu- 
ral electricity of the wire at a distance, without any 
transfer of the fluid from the cloud to the apparatus. 

What the fourth 1 

Describe the phenomena witnessed by Professor Henry. 
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'< The discharge between the two portions of the wire 
continued for more than an hour^ when the effect be- 
came so powerful, that the superintendent, alarmed for 
the safety of the building, connected the long wire with 
the city gas pipes, and thus transmitted the current 
silently to the ground." 

393. By a simple apparatus, Professor Henry rendered 
manifest the inductive action of the lightning-flash. 
The arrangement consisted of a copper wire, fastened at 
one end to a building, and extended to another, 400 feet 
distant. Heie it entered the Professor's study, and thence 
passed through a cellar window into an adjoining well. 
W ith every flash of lightning that occurred within a cir- 
cle of twenty rniles, needles were magnetized in the 
study by the induced current of electricity developed in 
the wire. (C. 1033.) - 

What apparatus was constructed by this gentleman for exhibiting the 
inductive action of the lightning 1 
What effect was produced 1 



PART V. 

OPTICAL PHENOMENA. 



CHAPTER I. 



OF THE COLOR OF THE ATMOSPHERE AND CLOUDS. 

394. Color of the Atmosphere. This is caused 
by the decomposition of the solar light. It is well 
known, from the experiment of the prism (C. 788), that 
the white light of the sun consists of seven colors ; and, 
that of all these, the violet and blue rays have the least 
power to overcome any resistance they meet with ; and 
consequently deviate most from their original course in 
passing through the prism. 

395. The action of the atmosphere upon the sun- 
beams in their passage to the earth, is precisely similar 
to that of a prism. ^ 

After entering the atmosphere they are constantly 
passing in their onward progress, from rarer into den- 
ser media, and are therefore decomposed. A portion 
of the blue rays, unable to overcome the resistance of 
the air are scattered throughout its extent ; and being 
reflected from its particles, tinge the sky with an azure 
hue ; for it is to be remarked, that a body appears of 
the same color as the light it reflects and by which it is 
seen. 

396. Cyanometer. In order to determine the inten- 
sity of the blue, a cyanometer is employed, an instru- 

What is the subject of part fifth 1 

Of what does chapter first treat ? 

What is the cause of the color of the atmosphere ? 

For what purpose is the cyanometer employed 7 



1 
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m6nt which derives its name from the Greek word^t. 
kuanos, azure, and metron, measure. That of Saussure 
is made in the following manner : 

A circular card is divided into fifty-one parts, and each 
is painted of a different shade of blue increasing from 
the palest tint, formed by a union of blue and white, to 
the deepest produced by a mixture of blue and black. 
The colored card being held in the hand, the observer 
marks the particular tint corresponding to the color of 
the sky, and its number, counting from the palest shade^ 
denotes the intensity of the azure. 

397. Effect of Latitude. The brilliancy of the 
sky decreases with the latitude, Humboldt discovered 
that at corresponding heights above the horizon, the blue 
in 19° N. Lat. was two shades below that in 16° N. Lat. 
The intensity also at Gumana, 10° N. Lat., is twenty- 
four^ while the average tint for Europe is only fourteen, 

398. This diminution in brilliancy is caused by the 
less perfect absorption of the atmospheric humidity in 
the temperate and arctic regions, than in the equatorial 
climes — a circumstance arising from their comparative 
low mean temperature, and consequent decrease in the 
capacity of the air for moisture. 

399. In the same place, the color increases in bright- 
ness from the horizon to the zenith — the point in the 
heavens directly over-head. Baron Humboldt found in 
16° N. Lat., that his cyanometer indicated the 3d shade 
at the horizon, but at an altitude of 60°, or two-thirds of 
the distance to the zenith, the 22d tint. The blue of the 
sky is palest at the horizon, in consequence of being 
mixed with and diluted by the thin vapors of the air, 
which settle down towards the earth. 

Within the torrid zone, the sky undimmed by vapors 
glows with the purest azure ; and, under like circum- 
stances, in regions beyond the tropics, the same bright 

Describe this instrument. 

How is the brilliancy of the sky affected by latitude 1 

State the result of observations. How is this difference accounted fori 

What is the law in respect to altitude at the same place? 

Oive the observations. What is said of the torrid zonel 
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skies are seen. Over Italy, California, and the Canary 
Isles, hangs a canopy of the deepest blue, and even on 
the western coast of Spitzbergen, the rich azure of the 
heavens has equaled at times the splendid hue of the 
tropic skies. 

400. Effect of Altitude. In ascending from the 
plains to the mountains, the vapors are left below, the 
purity of the atmosphere increases, and the pale tint of 
the sky changes to a vivid blue. This fact, long known 
to the chamois hunters of Switzerland, was verified by 
the observations of Saussure upon the Alps, and those 
of Humboldt on the Cordilleras. 

401. Capt. Mundy thus speaks of the color and pm*e- 
ness of the air at Simla, which is the most northern 
European settlement in India, and possesses an altitude 
of 7,800 feet. " To the north of Simla, the mountains 
rise gradually one above another, until the panorama is 
majestically terminated by the snowy crescent of the 
great Himalaya belt, fading, on either hand, into indis- 
tinct distance. In fine weather, these stupendous icy 
peaks cut the dark blue sky with such sharp distinct- 
ness of outline, that their real distance of sixty or seven- 
ty miles is, to the eye of the gazer, diminished to one- 
tenth 'partP 

402. Brantz Mayer, in his interesting work upon 
Mexico, thus alludes to the same facts. 

" The moonlight of Mexico is marvelously beautiful. 
That city is 7,500 feet above the level of the sea. The 
light comes pure and pellucid from heaven. You seem 
able to touch the stars, so brilliantly near do they stand 
out, relieved against the back-ground of an intensely 
blue sky. Strolling on such a night in Mexico, I saw the 
sharp lines of tower and temple come boldly out with 
shape and even color almost as bright as, yet softer than 
at noon-day." 

403. At Mussoori, a village situated upon the first 

What is said of Italy, California, the Canary Isles and Spitzhergen 1 
What is the law in regard to altitude at different stations ? 
What is said of the blueness of the sky and the purity of the atmosphere 
on the Alps and the Cordilleras, on the Himalayas and in Mexico % 
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range of the Himalayas, 7,500 feet above the sea, so 
remarkably clear is the air in the month of November, 
according to Lieut. Bacon, that the white houses at 
Moozaffirnuggur, a dit^tance of eighty-two miles, have 
been distinctly seen with the aid of a spy-glass. 

404. When, however, very lofty elevations are at- 
tained, the heavens assume a blackish hue ; for a great 
portion of the atmoaphere is then beneath the observer, 
and but little blue light is reflected from the compara- 
tively small number gf particles composing the attenu* 
ated air above. The celestial orbs there shine with a 
singular brilliancy, since their light reaches the eye be- 
fore its lustre has been dimmed, in consequence of pass- 
ing through the dense strata of the atmosphere near the 
surface of the earth. 

405. Captain Hodgson remarked, near the sources of 
the Gauges, that the tint of the sky was a dark blue, 
approaching to blackness ; and that the stars in their 
rismg emerged with a sudden flash from behind the 
snowy peaks of the Himalayas. At Zinchin, sixteen 
thousand feet above the sea level, the heavens appeared 
of a dark black color, the sun shining without the least 
haze. At night, that part of the horizon, where the 
moon was expected to rise, could scarcely be distin- 
guished by the irradiation of her beams before the orb 
touched it, and the stars and planets shone with a daz- 
zling light. 

406. Colors op Clouds. These are attributed to 
the power which the atmosphere possesses of absorbing 
Z^A^(C.802), in common with other transparent media. 
When a sun-beam falls upon the ocean, the more refran- 
gible rays are successively absorbed as the light contin- 
ues to pierce the translucent water; until, at last, far 
beneath the surface, nothing but red light is perceived, 
according to the statements of divers, and of those who 



What is the color of the sky when very lofty heights are attained 7 
Relate the remarks of Capt. Hodgson. 

Explain the cause of the colors of clouds, and the manner in which they 
arise. 
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have been engaged in submarine researches. The ac- 
tion of the atmosphere is precisely the same. 

In the morning and evening, the san-light traverses 
the densest portions of the air, and passes through a 
longer track than at any other time. So much thicker 
and more dense is the stratum of air upon the horizon 
than the stratum over-head, that the sun-light is dimin- 
ished 1300 times in traversing the former; and of 
10,000 rays falling towards the surface of the earth, 
8,123 arrive at a given point if they pass perpendicu- 
larlyi through the air, but only five if they come through 
a horizontal stratum. Prom these causes, the more re- 
frangible rays, and especially the violet and blue, are un- 
able to struggle through and are absorbed ; while the 
rest emerge, and being reflected from the light masses 
of vapor floating in the sky, clothe them with their own 
bright hues. 

407. The three most powerful rays of the solar speo^ 
trum are red, orange, and yellow ; and these colors are 
the common tints assumed by clouds. At times, how- 
ever, ihey glow with the richest variety of hues, partic- 
ularly beneath the tropic skies. In those regions, green, 
violet and purplg clouds are not 6f unfrequent occurrence. 

Bishop Heber, on his passage to India, beheld, one 
evening at sunset, when near the equator, large tracts 
of cloud of a pale, translucent green, surpassing in 
beauty every efTect of paint, glass, or gem. - 

The sunsets of California are among the most beauti- 
ful in the world, and the clouds that rise from the Pacific 
are bathed in exquisite tints of green, purple, and violet. 

408. Clouds, possessing these singular colors, are 
rarely seen in the higher latitudes ; they are however 
not entirely unknown. Violet clouds have been wit- 
nessed at Avignon, in Prance, and also in a most gorge- 
ous sunset that occurred at Hartford, Ct., on the 3d of jfu- 
ly, 1844, and which presented the following phenomena. 

409. The day had been showery, but towards its 

What is said as to the diminution of light ? 

In what regions are the richest tints beheld 1 Give instances. 

Where are violet and green clouds most frequently seen 1 
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close, the dense canopy of clouds was broken pp, and 
the eastern sky filled with light and floating ' masses 
of vapor. Soon after sunset, the stratum of clouds 
which rested upon the western horizon, rose throughout 
its whole length, revealing between the mountains and 
its lower edge a belt of sky of the purest azure. Above 
this, the whole field of vapor was gleaming with a rich 
amber light, which, as it streamed through rarer or 
denser portions of the mass, presented every phase of 
brilliancy and depth ; at the same time displaying the 
curiously wrought structure of the airy fabric. When 
the rays of the sun fell upon the fragments of vapor 
floating in the eastern quarter of the heavens, their jut- 
ting heads and broken edges gleamed with a flame-like 
hue ; while, between the masses, the sky appeared of 
the deepest indigo. As the evening advanced, portions 
of the western stratum assumed the tints of lead, lake, 
pink, green, purple, violet, orange and crimson. Aboyt 
eight o'clock, the vapor in the south-west presented a 
singularly beautiful appearance ; the heavens seemed 
as if covered with a delicate lace-work woven of pris- 
matic rays, and this phenomenon was succeeded hy green, 
purple, and violet clouds in the west. The last hue of 
this brilliant pageant was an intensely vivid cri?nson, 
which was gradually lost in the shades of night. 

410. At the same city, in May, 1845, a cloud of un- 
common beauty was seen by the writer resembling 
m,arhle paper, the intermingling colors consisting of 
bronze, orange, ^, vivid grass green, and a. golden yellow. 

411. Green clouds occur, when the vapor is illumin- 
ated at the same time by the deep blue light, reflected 
from a distant quarter of the sky, and the yellow rays 
of the sun ; green being produced by the union of blue 
and yellow. In the same manner, purple and violet 
clouds appear, when they glow at once with the red 
rays of the sun and the azure tint reflected from the 
heavens ; since purple and violet arise from a mixture 
of red and blue in due ptoportions. 

Describe the Bunset at Hartford. 

Explain the origin of green and violet clouds. 
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CHAPTEE II. 
OF TBE RAINBOW. 

412. 7%e rainbow ia that beautifully colored arch 
which, at times, is seen during a shower and in the re- 
gion of the sky opposite to that where the sun is shin- 
ing. 

413. When perfect, the rainbow consists of two arches, 
the inner, called the primary bow, and the outer the 
secondary, each composed of seven colored bows, formed 
of the prismatic hues, viz., violet, indigo, blue, green, 
yellow, orange, and red. In the primary bow the red 
ring occupies the highest place, the orange comes next 
and BO on, the violet assuming the lowest position : but 
in the secondary the order of colors is reversed. 

414. The cause of the rainbow, with the exception of 
its colors, was first unfolded by Descartes ; but the "dis- 
covery by Newton, of the different refrangibility of the 
sun's rays, enabled this great philosopher to explain, 
with the utmost completeness, all the laws of this brill- 
iant phenomenon. 

416. In order to understand the theory of the rain- 
bow, we must have recourse to diagrams. 

Imagine, in the first place, that ^.so. 

P Q, L, figure 20., is a section of 
a globe of water, and that S P 
is a ray of light, which, passing 
through the hole of a window- 
shutter in a darkened room, falls 
upon the surface of the globe at 
P. Here a portion of the light is 
reflected, and the rest, entering k 
the globe is refracted (C. 702) and decomposed into the 
seven primary colors ; one of which, the red ray, we will 

What ia the aubjeot of chapler fwcBnd 1 

DeSne thetslnbow. 

OC what does il condBl when perfect 1 

Who firat explained the cause of the mnbowl 

Trace the courw of a ray of li^ht in Bgare 20. 



F 

f 



RAINBOW. 169 

now alone consider. This ray, traversing the water, 
strikes the interior surface of the globe at Q, ; where a 
part of its light is lost by transmission^ and escapes into 
the air, while the remainder is reflected to the point L ; 
here the light is pnce more subdivided, one portion being 
refracted to the eye situated in the direction L M, and 
the other reflected into the globe. 

That the results are such as have been described 
may be ascertained by placing the eye at the point d of 
the globe, and observing likewise the course of the ray 
through the air and water. 

416. These successive transmissions and reflections 
are unlimited in number, and, since.light is lost at each 
impact, the intensity of the ray, after a few reflections, 
will become so much diminished, that, upon its emer- 
gence from the globe, it ceases to make any impressicm 
upon the eye. 

417. In order to apply these remarks to the subject 
before us, we have only to suppose, that figure 20. is the 
section of a rain-drop, instead of the section of a globe 
of water ; for all the changes which light undergoes*in 
one case, will take place in the other. 

Thus the ray of light S P, falling upon the drop at 
P, is refracted towards the perpendicular P D, rejected 
at Q,, and refracted from, the perpendicular L D as it 

E asses into the air at L. to meet the eye in the direction 
4 M: all these results occurring, in accordance with 
well-known optical laws. (C. 706, 709.) 
' 418. In the case supposed, the ray fe P suffers two 
refractions and one reflection, and if it strikes the drop 
more or less obliquely, different quantities of light will 
be brought to the eye at M. Now it is only when the 
greatest amount is conveyed to the eye that the light is 
sufficiently intense to produce any impression upon the 
sight, and this is found to occur, in respect to the red 



Apply the illustration to the subject. 

In the case supposed, how many refractions and reflections docs the ray 
undergo 1 

[Jridsr what circumstances only does the emergent ray make any Im- 
pression upon the sight 1 

8 
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TOj/^ when the angle S B M, figure 21., made by pro- 
longing the lines of the incident and emergent rays S P 
and M Q, till they meet at B, and called the arigle of 
deinaiion, is eaual to 42° 2'. * 

This angleoi greatest intensity varies however for each 
prismatic color, being 40° 17' in the case of the violet, 
and increasing, for each hue, from the violet to the red. 

419. Pkimaht ''*^' 

Bow. If we consi- 
der PftLD, figure 
21., to be a section 
of a rain-drop; of 
all the rays that fall 
upon it from any 
one point in the sun, 
some, as S P, will so 
strike it, as to meet 
theeye of the observ.- 
er(supposedtobeat 
M) With the ffraalest ont iujiKti<m-t^ Re/r^nms. 



n the straight 



might lioeB that meet each other. 



* An angU Is the opening 

Thua the opening betwee 
lines, A B and C B, which ...v,. .. ^, .^ 
called (he an|;le B, or the angle ABC; 
the lelter at tne point of meeting always 
being placed in the middle. The elze of 
an angle ia computed as follows. The 
ciictmifBrenca of any circle being divided 
i_.„ len 1 , 1, :- f,j],gj g 



cumference, Q E F, culling the two Unea, A B and C B, 
IS EondP, the number of degrees, minuteB and seconds 
rl of the circumference, E F, included Ijelween the two 
gives theraiueof the angle, ABC. Forcinrnple, if the 
"", was so great that it mea8u^ed 360 inches, 

, , . , . - -iches andnint-mxiUlhji of an inch, ABC 

would be angle ot/orty dtgrcaandrune mimita (40° 9'). Degrees are dasig- 
nated by the following character, ° ; ininutea thua, ' ; and seconds thus, "'. 

What Is the angle of deviation for the red ray, when the greatest amount 
of light coines to the eyet 
What ia the angle of greatest intenaily for the violet t 
Explain figure 21. 
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possible brilliancy : making the angle S B M equa^ to 
42^ 2', in the case of red light If the line M O is now 
drawn parallel to S B, it may be regarded as a ray of 
the sun passing through the eye of the spectator ; and 
since all the rays of the sun are parallel to each other at 
the earth, the angle B M O will also be equal to 42^ 2'. 

420. The observer then being placed with his back 
to the sun, and his eye at M, will receive the impression 
of red light from the drop P L Q, D, in the direction 
B M ; and not only from this drop, but also from every 
other drop, whose angular distance from the line M O 
is, at that moment, the same. 

It is therefore evident, if wo suppose the line M B to 
turn about M 0,like the legs of a pair of compasses, that 
ail the points at which red light is seen lie in the cir- 
cumference of a circle whose centre is O ; and that 
around this centre an arch of red light will appear in 
the heavens. 

421. The breadth of this arch will be equal to the 
apparent diameter of the sun, or about 32' ; for what 
has been said in regard to rays proceeding from any (me 
point in the sun, viz., that some of them will reach the 
eye under the angle of greatest brilliancy, is equally 
true of those which emanate from every point of his disk. 

422. The explanation of the origin of the red arch is 
equally applicable to the rest of the colored arches. The 
latter will be found, however, below the former ; for, 
since their angles of greatest brilliancy are each less than 
that of the red, they must consist of portions of smaller^ 
concentric circles. 

Thus, the violet arch can only be seen from drops below 
and toithin B, when the light that meets the eye coming 
in the direction B* M, makes the angle B' M O equal 
to 40° 17'. Between the violet and red arches the other 
colored bows will be seen arranged in the order of the 
spectrum ; the whole forming, by their uni-> i. the prir 
ioary bow. 

Explain the manner in which the red arch is caused. What is its breadth 7 
Apply the same mode of reasoning to the other colored arches. 
How is the primary bow formed 7 
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483. Secondary Bow. The secondary bow is form* 
ed when the sun's rays, entering the bottom of the drop, 
suffer tiBO reflections from the interior surface, and 
emerging at the top, reach the eye of the spectator after 
two refractions. 

The course of the ray ia Fii.aa 

aeon in figure 22., where S 
E A is the incident ray, 
B and C the two points of 
reflection, and D E H the 
emergent ray, supposed to 
meet the eye of the ob- 
server at H. 

424. So niHch light is 
lost by these succeasive 
changes in direction, that 
only at certain inclinations 
asufiicient quantity reaches 
the eye, from each of the prismatic colors, to produce 
the secondary bow. Its tints, after all, are faint com- 
pared with those of the primaiy. 

425. The violet light can only be seen when the 
angle of deviation S E His 54° 9', and the red when it 
is 50° 59'. Suppose, as in the case of the primary 
bow, that H L is the direction of a ray from the sun 
passing through the ej'e of the observer, and making 
with H E the angle L H E equal to the angle of devia- 
tion. If then, the line H B revolves about H L, the 
spectator, with his back to the sun and his eye at H, 
will behold in the heavens, between the limits of 54° 
9' and 50° 59' a prismatic bow consisting of similar por- 
tions of seven concentric circles ; the violet arch assum- 
ing the highest position and the red the lowest. The 
other colors occupy intermediate places; the greater 
their refrangibUity the greater their elevation. 

Under what circumslEincee doea the secandarv bow occur? 
Trace the course of ihe ray In figure !2. 
What is said of the brilliitncy or the aecondar; bowl 
What must be the size of the angle of deviation thai the violet Lght can 
*» seen 1 What the Aid thai the red ray may be visible 1 
How ii iha. BBcondory bow rormed 1 
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436. The subject is «,.!». , 

further illustrated by 
the following figure, 
where the four parallel 
lines repreiient rays of 
the sun falling upon 
four drops of water, and 
P the direction of an- 
other ray imagined to 
pasa through the eye of 
the spectator, R and 
V O are the red and vio- 
let rays of the primary 
bow; R' O and V O 
the red and violet rays 
of the secondary / and 
the positions of the red 
and violet arches of the ■jiu.bow. 

two bowa are indicated 

by the dotted lines. The other colored arches are 
found between the red and violet, following the order of 
colors in the prismatic spectrum. P is the centre of the 
rainbow. 

427. In the explanation just given, we have reasMied 
as if the rain-drops were Plationary, which of course is 
not the case ; but this supposition leads to no error, 
inasmuch as the air is filled with rain-drops during the 
prevalence of a shower, and before one set of drops, by 
sinking too low, ceases to present to the eye the colors 
of the bow, another set has descended, taken their place, 
and is performing their office. While the observer is 
stationary the rainbow is fixed in position, hut the 
drops that give rise to its glowing lints are continually 
changing. 

488. Breadth op the Bows. The angular distance 
from the middle of the ted arch to the middle of the 
violet in the inner bow, is the diifeience t>etween 42^ 
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2 atnd 40° 17' or 1° 45' ; a quantity nearly equal to 
three and a half times the apparent breadth of the sun. 
This space is occupied by the remaining 15 ve colored 
arches, and, as each is 32' in width, (Art. 421,) they ne- 
cessarily overlap one another, and cause, by their mutual 
blending, an indfstinctness in the boundary of the several 
hues. The two half-breadths of the red and violet 
arches added to 1° 45' give the whole width of the bow, 
which is equal to 2^ IT, or about four and a half times 
the apparent diameter of the sun. 

429. The breadth of the exterior bow, from the mid- 
dle of the red to that of the violet, is found in like man- 
ner to be 3° 10' — the difference between 54° 9' and 50° 
59'. To this quantity 32' must be added to obtain the 
entire breadth. 

The interval between the bows, computing from the 
red of the primary to that of the secondary, is 8° b7\ 
All these results, deduced theoretically^ precisely agree 
with those obtained by actual measurement. 

430. Position and Size of the Rainbow. Since 
the centre of the rainbow is in the direction of the line 
imagined to be drawn from the sun through the eye of 
the spectator, its position will evidently vary with that 
of the spectator, and its size with the altitude of the sun. 
If this luminary is 42° 2' above the horizon, the top of 
the inner bow will he just visible ; but if upon the hori- 
zon, the bow will be a semicircle, having an elevation 
of 42° 2'. If the observer, in the latter case, were upon 
the summit of a mountain, the arch would be somewhat 
greater than di semicircle ; since the line of direction 
from the sun through his eye, would strike the sky 
opposite, at a point €S)ove the horizon. 

Should a person happen to be upon a mountain, 
when the sun is high in the heavens, and a shower at 
^he same time occur in the vale below, he will some- 
times perceive a rainbow forming a complete circle. 



State what is said in regard to the breadth of the bows. 
What in respect to the position and size of the rainbow. 
When are entire circles beheld 1 
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Such are said by. Ulloa to be frequently seen on the 
mountains of Peru above Quito. 

The foaming waters of cataracts are often spanned 
by richly tinted bows, caused by the rising spray. They 
are regularly seen at the falls of Schaff hausen, on the 
Rhine, and at the cataract of Niagara. At Terni, in 
Italy, where the river Velino rushes over a precipice 200 
feet high, a bow of rare beauty is beheld. It appears, to 
p. spectator below, arching the falls with its glowing 
tints, while two other bows are reflected on the right 
and left, 

431. Rainbows in the North. Rainbows are 
sometimes seen at mid-day. On the 13th of Dec. 1847, 
at one o'clock, P. M., Prof. Olmstead beheld at Yale 
College an entire bow in the north. During the same 
week, the writer observed at Hartford a similar bow 
at nearly the same hour of the day. Such a phenom- 
enon can never arise, in the case of the primary bow, 
unless the sun's altitude at the time is considerably less 
than 42°, which only happens in the winter. 

432. Extraordi- 
nary Bows. When 
the light of the sun is 
reflected from the sur- 
face of tranquil wa- 
ter, rainbows of sin- 
gular form are at 
times observed. On 
the 6tb of August, d~a c^ 
1698, Dr. Halley be- bxteaobdwart »ow. 

held, while walking 

on the walls of Chester, by the river Dee, a rainbow of 
the form represented in figure 24., where A B C is the 
primary bow, D E F the secondary, and A H G C the 
extraordinary bow, cutting the secondary at H and G. 
Its colors were arranged like those of the primary. 




Give the instances of rainbows over cataracts. 

When can rainbows appear in the north 1 

Explain from figure 24. the extraordinary bow seen by Halley. 
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433. The sun was shining clearly upon the calm sur- 
fece of the river, and Dr. Halley discovered that the 
extraordinary bow was nothing more than the rest of 
the circle of which the primary was apart, bent upwards 
by reflection from the water. 

A similar rainbow, formed by reflection from the river 
Eure, was beheld at Chartres, in 1665 ; when a faint 
arch was seen crossing the piimary at its summit. 

434. Supernumerary Bows. Arches of prismatic 
colors are sometimes seen, both within the primary, and 
without the secondary bows, to which the name of 
supernumerary or supplementary bows is given. 

435. On the 5th of July, 1828, Dr. Brewster saw three 
supernumerary bows within the primary, each composed 
of green and red arches. Outside of the secondary a 
red arch was clearly seen, and beyond this a faint green 
one. 

At Montreal, in September, 1823, three supplementary 
bows were noticed by Prof. Twining, within the prima- 
ry ; exhibiting however, only a single color, which was 
violet or rather a dull red. 

At Hartford, Cu, on the 5th of August, 1847, at sun- 
set, two supernumerary bows were seen by the writer, 
within the primary, extending throughout the whole 
semicircle. The first, in contact with the primary, con- 
sisted of green and red arches, and the second of a sin- 
gle band of pale red light. 

The most remarkable phenomenon of this kind, was 
that observed by the Rev. Mr. Fisher, in Dumfrieshire, 
and related by Dr. Brewster, at a meeting of the Brit- 
ish Association, in 1840. In this case the primary was 
attended hjjive supernumerary bows, and the secondary 
by three. Kaemtz remarks, that it is not easy to account 
for these supplementary bows in' a satisfactory manner; 
hut according to Young, Arago, and others they arise 
*om the action of the rays of light upon each other : the 
explanation however, is too abstruse to be here introduced. 

436. Lunar Bows. Rainbows are sometimes pro- 



R«late thQ cases given of supernumerary bows. 
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duced by the l%ht of the moon ; their occurrence, how- 
eyer, is extremely rare, and their tints so very faint as 
to be scarcely perceptible. One of the most brilliant 
ever beheld, was seen by Mr. Tunstall, at Gretna 
Bridge, in Yorkshire, on the night of the 18th of Octo- 
ber,- 1782. It became visible about nine o'clock, and 
continued, with varying degrees of brightness, till past 
two. At first it appeared as a distinct bow without colors^ 
but afterwards the tints were very conspicuous and vivid, 
preserving the same order as in the solar bow, though 
paler ; the red, violet, and green being the brightest. 
At twelve o'clock it attained its greatest splendor. This 
phenomenon occurred three days before the moon was 
full ; during its continuance, the wind was very high, 
and a drizzling rain fell for most of the time. 

Another bow was seen by the same observer, on the 
27th of February, in the same year. The colors were 
tolerably distinct, but the orange appeared to predom- 
inate. A lunar bow with colors, was also noticed near 
Chesterfield, about Christmas, in the year 1710, and is 
described by Thoresby in the Philosophical Transac- 
tions. 



CHAPTER III. 

OF MIRAGE. 



437. When a ray of light, proceeding from any ob- 
ject, passes obliquely out of one medium into another 
of a different density, it is refracted, or bent from its 
course, (C. 704,) and when it reaches the eye, the object 
is seen in the direction Of the last refracted ray. 



Relate the several instances of lunar bows. 
What is the subject of chapter third 1 

In what direction is an object seen, when the rays that come from it to 
the eye first pass through msdia of different densities'? 
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438. Thus, if E "«•»■ 
represents the earth, 

and 1-2, 2-3, 34, dif- 
ferent strata of the 
atmoephere, decreas- 
ing in deusitj from 1 
to 4, a ray of light 
proceeding from the 
star S, and meeting 
the exterior stratum of 
the aUnosphei-e at 4, 

wi« bo succeeaively *«owbbr.o m-i^c..™. 

refracted in the directions 4-3, 3-2, and 2-1 ; bo that a 
spectator at 1 will not Bee the star S in its real position, 
but in the direction of 1-2 S'. For this reason all celes- 
tial objects, (unless in the zenith, where there is no re- 
fraction,) appear above their true position. (C. 703.) 
Thus, the sun and moon, for instance, at their apparent 
rising and setting are actually below the horizon. 

439. The variations in the density of the atmosphere 
near the earth, produced by local changes in tempera- 
ture, occasion a similar displacement of terrestrial ob> 
jects ; this is ordinarUy seen in the sliglit elevation of 
coasts and ships, when viewed across the sea, and is 
then called looming; but to the nioie extraordinary 
phenomenon of this nature, the name of mirage has been 
given. When this phenomenon occurs, images of ships 
erect and inveiled are seen in the air, delightful visions 
of tranquil lakes and verdant fields delude the fainting 
traveler of the desert, and sometimes, as in the case of 
Reggio, a noble city with all its splendid panorama'of 
towers and arches, stately palaces and terraced heights, 
appears lilce a fairy scene upon the slumbering waters 
of the 6ea. 



Eiplain the efTecl of nlmovphetio refiractioa from figure SB. 
What iB mfrog-e ? 
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440. Instances. On the first of n.x. 
August, 1798, Dr. Vince observed, 

at Ramsgate, a vessel in the dis- 
tance, the topmast only being visi- 
ble above the horizon, as at A, fig. 
26. Two complete images of the 
vessel were seen at the same time 
in the air, the one al C erect, and 
the other below at B inverted: 
between them a distinct image of 
the sea appeared at T) E. The 
two images were still visible when 
the real ship bad passed entirely 
out of sight. 

441. Similar phenomena were 
noticed by Capt. Scoresby in 1820, 
while navigating the arctic seas. 
Id one instance he beheld from the 
mast-head eighteen sail of ships, at hibiob. 
the distance of twelve miles ; one 

appeared taller than its actual height, another shorter ; 
and above several of the rest, inverted images were seen. 
In 1822, he recognized his father's ship, the Fame, by 
an inverted image of the vessel in the air, though it was 
subsequently found to have been at that time thirty 
mites distant, and seventeen miles beyond the horizon. 

442. During the late Exploring Expedition, a singu- 
lar instance of mirage was seen ofif Terra del Fuego, 
from the decks of the Vincennea and Peacock, and which 
is thus related. "On the 17th of February, 1839, we 
had an extraordinary degree of mirage or refraction of 
the PeEfcock, exhibiting three images, two of which were 
upright and one inverted. They were all extremely well 
defined. The temperature on deck was 54° Fah., that 
at the maet-head 62° Fah. Avessel, that was not in sight 
from the Vincennes' deck, became visible, and the land 
was much distorted, both, vertically and horizontally. 



RelBle the uveral cases of mirage, V 440 — 44S. 
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On board the Peacock, similar appearanced were observ- 
ed of the Yiacennes and Porpoise. There was, however^ 
a greater difference between the mast-head temperature 
and that on deck, the thermometer standing at 62° Fah. 
at the mast-head, while on the deck it was but 50° Fah., 
being a difference of 12°; that on board (he Yincennes 
differed only 8°." 

443. Simpson, while exploring the coasts of the north 
polar seas, in the summer of 1837, beheld a remarkable 
display of the mirage. As he rowed over the tranquil 
ocean, he seemed to be traversing a valley ; the waters 
apparently risifig on either hand, like the sides of a 
mountain, and the huge icebergs upon theii surface ap- 
pearing ready to topple down upon him. 

444 During the march of the French army over the 
sandy plains of Egypt, many instances of the miroffe: 
occurred. The villages, situated upon small eminences/ 
were successively seen like so many islands in the 
midst of an extensive lake, and beneath each village 
appeared its inverted image. In the same direction, an 
image of the blue sky was seen, clothing the sand with 
its own bright hues, and causing the wilderness to ap- 
pear like a rich and luxuriant country. So complete 
was the deception, that the troops hastened forward to 
refresh themselves amid these cool retreats; but, as 
they advanced, the illusion vanished, only to I'e-appear 
at the villages beyond. 

445. This phenomenon is so common on the deserts 
of Asia and- Africa, that the Koran calls every thing de- 
ceitful by the word serab, which signifies mirage. It re- 
marks, for example, that " the actions of the incredulous 
are like the serab of the plain ; he who is thirsty takes 
it for water, and finds it to be nothing." . 

446. While Baron Humboldt was at Cumana, he fre- 
quently saw the islands of Picuita and Boracha, appa- 
rently hanging in the air, and sometimes with inverted 
images; and at Mesa de Pavona, cows were beheld 



Where does this phenomenon frequently occur? 
What InstanceB are given bj Humboldt and Tschudi 7 
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seemingly suspended in the air, at the distance of 2,132 
yards. 

When Dr. Tschudi and his party were traversing a 
deep sandy plain, near, the river Pasamayo in Peru, 
they heheld the figures of themselves, riding over their 
own headsy magnified to gigantic proportions, 

447. Fata Morgana. This name is given to an 
extraordinary optical phenomenon, which has heen often 
seen in the straits of Messina, between the island of 
Sicily and the Italian coast. It has been described by 
many writers, and, though known for centuries, has but 
lately been considered as the effect of mirage. The 
following is the description by Antonio Minasi, which is 
regarded as the most correct. 

'^ When the rising sun shines from a point, whence its 
incident ray forms an angle of about 45^ on the sea of 
Reggio, and the bright surface of the water in the bay 
is not disturbed either by the wind or the current, a spec- 
tator placed on an eminence in the city of Reggio, with 
his back to the sun, and his face to the sea, suddenly 
beholds in the water numberless series of pilasters, 
arches, castles well delineated, regular columns, lofty 
towers, superb palaces, with balconies and windows, ex- 
tended valleys of trees, delightful plains with herds and 
flocks, armies of men on foot and horseback, all passing 
rapidly in succession along the surface of the sea." 

In a peculiar state of the atmosphere, when its dense 
vapors extend' like a curtain over the waters, the same 
ofcyects are not only reflected from the surface of the sea, 
but are likewise seen in the air, though not so distinct 
or well defined, and if the atmosphere is slightly hazy, 
the images seen upon the surface of the water are vivid- 
ly colored or fringed with alt the prismatic hues. 

448. But a most extraordinary instance of the mirage 
occurred at Hastings, on the coast of Sussex, on the 
26th of July, 1798. The cliffs of the French coast are 
fifty miles distant from this town, and in the usual state 
of the atmosphere, are below the horizon and completely 

Describe the Fata Morgana. 
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Aid from view ; but oq the day mentioned, at five 
o'clock P. M., they were seen extending to the right 
and left for several leagues, and apparently only afev 
miles q^. As the narrator, Mr. Latnam, walked along 
the shore, the sailors, who accompanied him, pointed out 
and named the dilTerent places on the oppoeite coast, 
which they were accustomed to visit. By the aid of a 
telescope, ^maJl vessels were plainly seen al anchor la 
the French harbors, and the buildings on the heights 
beyond were distinctly visible. 

The Cape of Dungeness, which at the distance Of 16 
milea from Hastings, extends nearly two miles into the 
sea, appeared quite close to the town, and the fishing 
boats, that were saiUng at the time between the two 
places, were magnified to a high degree. This curious 
phenomenon continued in its greatest beauty for more 
than three hours. The day was extremely hot, without 
a breath of wind. 

449. A remarkable mirage of Dover Castle, was seen 
by Dr. Yince and another gentleman, on the 6th day of 
August, 1806, at Ramsgate, 



The summit8,v:r«)y,of the four turretsof the caatle, 
(fig. 87.,) are usually seen beyond the hill A B, which 
lies between the castle and Ramsgate ; but, on this day 
not only the turrets were visible, but the whole castle, 
mnr s, appeared as if it were on the side of the hill 
next to Ramsgate. 

RelKU the acraunl of ihe mtrage al Hulingi, tnd of that al RamagiM. 
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Between the observers and the shore, from which the 
hill rises, there was about six miles of sea, and from 
thence to the top of the hill the distance was about the 
same. Their own height above the water was nearly 
seventy feet. 

450. Origin. The cause of mirage has been par* 
tially stated ; but the subject demands a more complete 
explanation. The phenomena may be divided into three 
classes^ viz. : those produced by refrcujtion^ those pro- 
duced by refraction and reflection conjointly^ and those 
produced by reflection only. 

451. The image of Dover Castle was probably pro- 
duced by refraction, simply ; for the atmosphere gradual- 
ly increasing in density from the lofty heights of the 
castle to the level of the sea, the rays of light proceeding 
from the edifice, reached the eyes of the spectators in a 
curved line, like those which emanate from a star, (Art. 
438,) and the whole structure therefore appeared to the 
observers above its true position. 

452. Phenomena, like those observed by Scoresby, 
are attributed to the combined influence of refraction 
and reflection. At such times, the stratum of air in 
contact with the sea is colder than that immediately 
above (Art. 442), and this likewise colder than the next 
superior stratum, and so on. Consequently, to a certain 
extent, the density of the atmosphere decreases with the 
distance from the ocean, and, under these circumstances, 
the rays of light from a ship may be so changed in 
direction, as they proceed through the air, that the oh* 
server will behold both erect and inverted images above 
the real object. 

453. Erect and Inverted Images above the 
Object. The annexed figure will aid us in perceiving 
how erect images are caused. 

What is said respecting the cause of mirage 1 
Into what classes may the phenomena be divided 1 
Explain the mirage of Dover Castle. 

To what is attributed the phenomena of erect and inverted images above 
the object 1 
What is the state of the atmosphere as regards temperature at such tlmee? 
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Fig. 2& 




BBEOT IXAOB ABOTX THB OBJECT, 



Let D be a ship, seen in the horizon in its true posi- 
tion, by the direct rays n P, w P, commg to the eye at P, 
through the stratum of air of uniform density, lying be- 
tween the eye and the ship. Let 1-2, 2-3, ^4, &c., be 
parallel strata of the atmosphere, decreasing in density 
from 2 to 6 ; and n r and m s, rays of light, proceeding 
upwards from the top and bottom of the ship. As these 
rays at r and s pass from the first stratum into the sec- 
ond, which is rarer, they are bent downwards^ or from the 
perpendicular, according to a well-known law of optics, 
(O. 706,) and this change in direction continually occurs 
as they pass successively into strata still more and more 
rare ; until at last, as at t and y, they meet the next 
superior stratum so obliquely, that they are unable to 
enter it, and are then totally reflected from the lower 
surfaces of strata 4 and 5, at the points a; and y. 

The rays, on their return, are now refracted down- 
wards^ or towards the perpendicular, (C. 706,) in pass- 
ing from the rarer into the denser mediae and converge 
to the eye at P, which sees the vessel in the direction 
of the last refracted rays. The ship D is therefore 
beheld at D* by the rays Pr* n*, and 1?s^ 7n^. 



Explain from figure 26. the phenomenon of an trtet image above the ob- 
ject 



MAeNIFIBO IMAOBB. 
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464 In figure 28., the upper ray Ikfore reflection is the 
upper ray after reflection, and the image consequently 
appears erect ; but if, as in figure 29., the rays cross each 



Fig. 29. 




INTSBTBD XMAOB ABOVB THB OBAGT. 



other before they reach the eye at P, then the image 
will appear inverted^ as is evident from the inspection of 
the figure. 

Under peculiar circumstances it may happen, that of 
two sets of rays, one from the top and the other from 
'the bottom of an object, some may cross each other 
before they meet the eye and some may not ; and then 
both erect and inverted images will be seen at the same 
tifne, 

455. Magnified Images. The real object in figures- 
28. and 29., is seen through the horizontal strata, under 
the visual angle nV in,~ 1( n* Ptw", the angle under 
which the image is seen, is greater than n P m, the image 
will be TTuiffnified (C. 746) in the direction of its length; 
and if an increase of the lateral visual angle occurs at 
the same time, then the image will be likewise Tnagni- 

Explain from figure 29. the phenomenon of an inverted image above the 
object. 
When may both imaget be seen at the same time 1 
When may the image be magnified both verUoally ana nonaonkUIif? 
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fied in breadth, and will appear as if seen through a 
telescope. 
The mirage at Hastings was probably due to this 

cause. 

That such a lateral "displacement is possible, is evi- 
dent from the remarkable mirage beheld by Messrs. 
Soret and Jurine, on the Lake of Geneva, iii Sept. 1818, 
and which is shown in figure 30. 

Fig. 30. 




LATSSAL lUIULOB. 



456. The curve AB C represents the east bank of the 
lake. A boat, with all her sails set, was at P, advanc- 
ing towards Geneva, and was seen, b^ the aid of a tel- 
escope, in the direction of G P, from Jurine's house, at 
the distance of six miles. As the boat successively oc- 
cupied the positions M N R, a lateral image was clearly 
seen at the corresponding points M' N' R', approaching 
with the boat, but appearing to recede to the left of G 
P, while the boat receded to the right. When the sun 
shone full upon the sails, the image was visible to the 
naked eye. 



Describe the lateral mirage seen at Gteneva (figure 30.), and explain its 
cause. 
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The direction of the sun's rays at the time of obser- 
vation, is shown by the arrow P D. 

457. This curious phenomenon is supposed to have 
been caused in the following manner. Tne air at M N 
R, had been in the shade all tbe morning, while that at 
M' N' R' had been warmed by the sun; the two por- 
tions therefore were of different densities, and the sur- 
face which separated the warm air from the cold was 
probably vertical. The rays of light proceeding from 
the boat might, in this case, fall upon the vertical sur- 
face of the warm stratum as upon a mirror, (Art. 461,) 
and being thence reflected to the eye of the observer, an 
image of the boat would appear behind this surface. 
Thus, if L I O was a part of this surface, the ray M I 
from the boat at M might b» reflected from it in the 
direction I G, and an image would then be seen by an 
observer at G, in the direction G I M'. 

458. Images below the Object. Illusions, like 
those which were seen by the French army, arise from 
a condition of the atmosphere exactly the reverse of 
that which occasions the images to appear above the 
object. 

Upon the arid plains of Asia and Africa, when the 
sand is in tensely heated, the temperature of the air de- 
creases and its density increases from the surface up- 
wards to a certain height, where it is nearly uniform. 
A ray of light, therefore, proceeding from an elevated 
object towards the ground, must necessarily pass through 
strata of decreasing density, and will consequently, upon 
principles already explained, after a number of refrac- 
tions be reflected upwards, causing imaffes to be seen 
below their objects* 

459. For the sake of illustration, suppdse (fig. 31.) that 
1-2, 2-3, 3-4, 4-5, &c., are atmospheric strata decreas- 
ing in density from the height, 6, to the surface of the 
ground at 1. Let D represent a palm tree, which is 
«een in its true position by the eye at P, through an 
atmosphere of uniform density. The rays of light e a, 

Under what circumstances are images seen hdow tlie object 1 

What is then the state of the atmosphere, in respect to temperature 1 
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c 6, which proceed from the top and bottom of the tree, 
in passing successively from denser into rarer medioj 
will be constantly hent upwards^ until at last they suffer 
total reflection at y and x ; and then, crossing each 
other, are again refracted through the upper strata con- 
verging to the eye at P. An inverted image D* will 
therefore be oeen below the reed object in the direction 
of the last refracted rays P 6* c* and P a* c*. 

460. The observer is led to imagine these images in 
the midst of a lake from the circumstance, that the as- 
cending currents of warm air, mixing with the colder 
strata, impart a tremulous motion to the images seen 
through them ; and thus they appear to be agitated, as 
if floating upon a slightly ruffled surface. A difference 
of three or four degrees in temperature is sufficient to 
occasion appearances of this kind. 

461. Images produced by Reflection. It is prob- 
able that the mirage is sometimes produced by reflection 
only, as from a plane mirror, and the instance witnessed 



lUiutrata irom figure 31. 
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by Capt. Mundy when travelling in India, and thus 
related in his Journal, may have proceeded from this 
cause. " A deep, precipitous valley below us, at the bot- 
tom of which I nad seen one or two miserable villages 
in the morning, bore in the evening a complete resem- 
blance to a beautiful lake ; the vapor which played the 
part of water ascending nearly half way up the sides of 
the vale, and on its bright surface trees and rocks being 
distinctly reflected. I had not been long contemplating 
this phenomenon, before a sudden storm came on, and 
dropped a curtain of clouds over the scene." 

The fata morgana is attributed to the reflection of 
the rays of light from the surface of the sea and vapor. 

462. The reflecting surface of a stratum of air may 
possibly at times possess a concave form, so as to present 
a magnified image of the object. (C. 732.) In this way, 
the gigantic images seen by Dr. Tschudi were probably 

Eroduced ; the reflecting surface of the stratum of air 
eing nearly vertical. 

463. Another instance of this kind occurred, during 
the last war with England, when Commodore Hardy 
was lying off Boi^ton. A figure of a sailor of a colossal 
size, was seen by his whole ship's crew reflected in the 
heavens, during a peculiar state of the atmosphere. 

464. To the same cause must be attributed the ex- 
traordinary phenomenon, which occurred in the /parish 
of Migne in France, on the 17th of December, 1826. It 
was Sunday, and 3000 persons were engaged in the 
exercises of the Jubilee. As a part of the ceremony, a 
large red cross, twenty-five feet high, was planted be- 
side the church, in the open air. Towards the close of 
the day, while qne of the clergy was addressing the 
multitude, and reminding them oi the miraculous cross 
beheld in the sky by Constantine and his army, a cross 
was seen at that moment in the heavens, directly before ' 
the porch of the church, and at the height of two hun- 



Ezplain in what manner images are produced by reflection. 
Are they ever magnified 1 
How is this accounted fori 
GiY« instances. ^ 
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dred feet above tbe ground. Its length was nearly one 
hundred aad forty feet, its breadtli from three to four, 
anil ii ehone with a bright silvery hue, tinged with red. 

The assembled multitude were etruck with awe, many 
regarding it as a itiiiacle, and such was the extraordi- 
nary sensation produced throughout the country, that 
a committee was appoiuled to investigate this phenome* 
non. 

From the circumstances detailed in their report it ia 
evident, that the cross in the sky was the magnified 
image of the cross before tbe church, and reflected from 
the concave surface of some atmospheric mirror. The 
image possessed exactly the shape and proportions of tbe 
wooden cross, it was tinged with the same color, and 
the stale of the air at the time was favorable to the for- 
mation of such images. 

465. Spectre op the Brocken. The gigantic 
spectre which is supposed to haunt the Hartz mountains 
in Hanover, and is seen at sunrise from the Brocken, the 
loftiest peak of the range, is produced in a different 
manner. It is in fact nothing more than the shadow of 
the observer, cast upon the thin vapors then foating in 
the sky. The cut below represents the spectre, as seen 
by Mr. Haue and another person, on the 33d of May, 
1797. 

pig. 36. 



Standing on the summit of the Brocken at sunns^ 
How U the ^eclre of Iha Brocken explained 1 
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tbey at first beheld upon the transparent vapors oppo- 
site to the sun, twe human figures of immense size 
which imitated all their gestures. In a short time they 
vanished; bat soon re-appeared, and were joined by a 
thirds which likewise mimicked every motion and atti- 
tude of the observers. Similar phantoms are beheld over 
the lake of Killarney, in Ireland. 

A spectacle of this kind was observed by Baron Gros, 
Secretary of the French Legation in Mexico, during his 
ascent of Popocatepetl, in April, 1834. When he had 
attained a very great height, ne distinctly beheld, on the 
morning of the 29th at sunrise, the shadow of the entire 
volcano cast upon the atmosphere. It appeared as an 
im^mense circle of shade, through which the whole coun- 
try below could be plainly seen^ and was bounded by a 
vapor moving from north to south. As the sun rose the 
shadow descended, becoming more and more transparent, 
and in the space of two or three minutes was entirely 
dispersed. 

466. Artificial Mirage. The phenomena of the 
mirage have been artificially produced -by Dr. Brewster, 
in the following manner. 

Fig. 33. 




AATIFXOIJLL MXBAOaw 



A B C D, figure 33., represents a trough with glass 
sides, A D, C S, and filled with water up to the level 
A B. If a hot iron is held near the surface of the water 
the heat descends, and a change takes place in the den- 
Describe this phenomenon. 
What phenomenon was beheld by Baron Gros 1 
In what manner may an artificial mirage be produced ? 
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sity of the fluid, the density increasing from the surface 
to the bottom. When the heat had almost reached the 
bottom, if a small object, as a toy-ship, is then placed at 
S, the eye at E will see an inverted image of the ship 
at 8' and an erect one at S": an appearance similar to 
the mirage observed by Dr. Vince. 



CHAPTER IV. 

OF CORONAS AND HALOES. 

467. Coronas. When light, gauze-like clouds float 
before the sun and moon, their disks are sometimes 
seen encircled by one or more colored rings, which 
are termed coronas or crowns. This appearance is more 
frequently beheld about the moon ; for tne eye is usually 
too much dazzled by the brilliancy of the sun to discern 
the hues that surround its orb. To observe them with 
distinctness, they must be viewed by reflection from a 
blackened mirror, which tempers the vividness of the 
solar rays. 

468. If the coronas are complete, the rings are each 
composed of several concentric circles : the first, count- 
ing from the disk, is of a deep blue, the second white^ 
and the third red. 

These three circles constitute, the first ring. In the 
second the order of colored circles, reckoning the same 
way, is purple, blue, green, pale yellow and red. 

469. Karely, however, are coronas thus perfect ; for 
more often blue mingled with white is observed near 
the disk ; this is followed by a red ring, its inner mar- 
gin clearly defined, but its outer limit blended with the 
«^i ■ I I ■ ■ I ' ■ I ■ II ... 1 1 1 I ■ II I 

Of what does chapter fourth treat ? 

What are coronas? 

Around what orb are they moat frequently seen? 

What is the appearance of coronas when complete 1 

Ar9 they usually 'perfect 1 
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succeeding circles. If beyond this, a second red ring 
is seen, a green circle occupies the interval between the 
twa Kaemtz discovered, that the distance of this latter 
circle from the centre of the sun varied, according to 
the state of the clouds and atmosphere, from one to 
four degrees. 

470. Origin. According to Fraunhofer, coronas are 
caused by the diffraction of light ; by which is under- 
stood the change that a ray of light undergoes in pasS' 
ing across the edge of an interposed body, in conse- 
quence of which it is decomposed into the seven primary 
colors, as if transmitted through a prism. 

471. This effect may be seen if a ray of light is ad- 
mitted into a darkened room, through a very small 
opening, as a pin-hole, and a knife-blade placed across 
the ray. If the shadow of the blade is now received 
upon a white screen, /nVi^c^ of colored light will be 
observed on each side of the shadow, arranged in the 
order of the prismatic hues, commencing with the blue 
and terminating with the red. The manner in which 
coronas are produced by diffraction, requires a some- 
what extended explanation. If we cut a fine sUt with a 
knife in a card, and view through the opening any lumin- 
ous object, as a candle,, we shall perceive on each side 
of the aperture a row of colored images, which are those 
of the candle. Each of these images possesses all the 
colors of the spectrum, and the order of their tints is 
the same, the violet being fiearest to the aperture, and 
the red the most distant from it. 

472. The images will be more numerous and brilliant, 
if instead o^ a. single opening, a system oimany apertures 
is arranged, equal in size, and equally distant from each 
other. This may be effected by ruling upon a piece of 
glass with the point of a diamond, J?7ic, parallel, and 
equi-distant lines, several hundreds in an inch. If in a 
darkened room we look through a plate of glsiss thus 



What is the opinion of Fraunhofer respecting the cause of coronas 1 

Explain diffraction. 

How may this phenomenon be exhibited 7 

9 
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prepared, at a smaU opening in the wiDdow-shulter 
through which the sun-light cornea, a row of prismatic 
images of this opening will be seen on e^cn side of it; 
their direction )ifi\n^.perpendicular to the lines. 

Thus, if 6gure 34. repre- ^^ 

senta such a plate of glass, 
the white lines being the ruled 
lines, and the aperture is view- 
ed through the point, L, a 
row of imageB will be seen on 
each side of L at the corres- 
ponding points, a a, b b, c c, ' 
and in a line perpendicular to 
the ruled lines. The tints ruraiTia numa. 

are in the same order as in the 

first experiment, and are caused by the decomposition 
which the rays of light undergo in passing by the edges 
of the unruled intervals of glass. 

If another series of parallel linpa is drawn at right 
angles to the first, a second row of colored images will 
stait up in a direction perpendicular to that of ihfi first 
images ; and, if the ruled lines in both series are equally 
distant from each other, the first set of images aaaa, 
Will^ll be situated at the same distance from I., each 
one on the middle of the side of a square, wliose centre 
is L, The same will be true of the second set bb h b, 
and so of the rest. 

If there were three series of ruled lines, equally in- 
clined to each other, they would form regular six-sided 
figures or hexagons, and the images would be found on 
the sides of hexagons as in figure 35., where the white 
dots represent the places of the images. 

473. Now it is evident, the number of series may be 
BO inci-eased, that the figures formed by the lines shall 
have so many sides as not to difFcr essentially from 
circles ; and inen the colored images would touch each 



Show, bf Ihs atd of Ggureg 34., 35. and 3 
vihich difB'acUon operateB bo as to produce core 
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other, forming rinffa of pris- 
matic imagBS a round the 
luminous point, the hlue 
being the innermost color, 
and the red the outermost. 
Thus, for instance, if in fig- 
ure 35., the number of series 
was so ntultiphed, the larg- 
est hexagon would be chan- 
ged into the limiting circle, 
and the images, a a, bb,cc, 
&c., would form prismatic 
circles around L aa a common 
centre. 

47'4. These rings appear in great beauty when a 
luminous object is vlewea through a plate of ruled glass, 
the line.s forming concentric circles, many hundreds, and 
even thousands being contained in an inch; the distance, 
number, and brilliancy of ilie rings increasing with the 
fineness of the lines, and the narrowness of the trans- 
parent intervals. 

476. Similar prismatic rings are beheld, whenever 
the transparent intervals through which the object is 
seen are grouped symmetrically around a point. Thus 
Fraunhofer, in looking at a luminous object through a 
number of small glass balls of equal size, placed be- 
tween two parallel plates of glass, saw it surrounded by 
several colored circles or coronas. Nor is this surpris- 
ing, for the apertures between the balls through which 
the light came, are arranged concentrically around a 
point, like the transparent intervals in the case of the 
circularly ruled lines. This will be seen by a reference 
to figure 36., where the dark circles represent the bails, 
and the light parts between tbem the intervals through 
which the rays come from the luminous object, which 
is supposed to be situated behind the figure. Now it is 
obvious at a glance, if the eye is fixed upon B, that the 
uitervals He in ibo circumferences of circles, whose com- 
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mun centre is the middle _ ' 

poini of B. If we look at A, 

lhe> intervals are arranged 

ai'ound this ball in a similar 

way, and so of any other 

ball. In viewing, therefore, 

a bright object through the 

balls, it should exhibit the 

same appearances as if seen 

through the circularly ruled 

glass, and this is found to 

be the case, 

476. Now the globules of vapor, of which fogs and 
clouds are composed, are arranged in a similar manner 
throughout the atmosphere, and act upon the light of 
the sun and moon as if they were bo many small glass 
balla. When, therefore, the rays of the moon, for in- 
stance, reach the eye of the observer, after passing be- 
tween the particles of light, interposing vapors, he will 
often see her orb surrounded by beautiful coronas, glow- 
ing with the rich colors of the spectrum. 

477. Coronas are only seen when the globules of 
vapor are comparatively _/ejp, and are of egual size. If 
they are loo numerous a dense cloud is formed, and the 
intervals being closed by the globules, no rays can pass 
through them. If they are/cw in number but differ in 
size, then the intervals are not symmetrically arranged, 
and the sun or moon will appear surrounded hy a glory, 
or bright circle of white light. 

The distance of coronas from the luminous body is 
not always the same. The smaller ihe particles, Lhe 
greater is the diameter of the rings. 

478. When white clouds, having the form of the 
cirro-cumulus, float near the sun, bright, prismatic 
colors are often seen, by the aid of a blackened mirror, 

When nro coranns only eeeal 

What islhereiult wlien theparllcleBof TapoTdlflerlnBize7 
Wh; will the rings vary In magnlliidel 

What ia nud leapectine (he edgea of clrro-cuinulUB and cumulus clouda, 
when pas^g near tbe lun and mcwDt 
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fringing the edges that are parallel to the horizon. The 
fiinges are generally green within, bordered by two red 
lines. 

If the air is pure, and the moon shines brightly, the 
light and broken edges of cumulus clouds, as they pass 
near her disk, are sometimes seen in like manner fringed 
with prismatic hues, the purple tint being the nearest 
color, and the red the most distant. 

479. Anthelia. Antheiia are coronas seen by reflec- 
tion^ when the back of the observer is towards the sun ; 
and are so called from the Greek words anti^ opposite, 
and helios, the sun. 

If the plain surface of the circularly ruled glass 
(Art. 474) is blackened, and the luminous object seen 
by reflection upon the ruled side, its image will appear 
surrounded by colored rings precisely like those that 
encircle the object itself, when viewed, as in the first 
case, by transmitted light. 

In analogy to this, when the shadow of a person is 
cast upon a stratum of vapor, the head of the observer, 
imder favorable circumstances, is seen surrounded with 
prismatic circles. 

480. A beautiful display of this kind was witnessed 
from the summit of Mount Lafayette, fifteen miles from 
Mount Washington, on the 7th of August, 1826. In 
the afternoon of the day in question, two gentlemen 
were standing upon this lofty eminence, a thunder- 
storm was raging beneath them, and a sea of vapor shut 
out the vales from view. A light mist was at tnis time 
falling, when suddenly the sun burst through the clouds 
above, and the obseiTcrs saw their shadows resting upon 
the vapor be/ore them^ their heads surrounded with 
brilliant, prismatic rings. The circles were apparently 
ten or twelve feet in diameter j perfectly defined, and their 
tints were exceedingly rich and vivid. This phenomenon 
lasted for the space of twelve or fifteen minutes, when 
it gradually vanished. * 

481. In the polar seas, when the stratum of fog that 

Define anthelia. Relate the instances given. 
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rests upon the ocean rises to the height of about three 
hundred feet, a person, stationed upon the mast of a 
ship, eighty or a hundred feet above the water, perceives 
in the fog opposite the sun, one or more circles around 
the shadow of his head. They are all concentric ; 
their common centre being in the imaginari/ line drawn 
from the sun through the eye of the spectator to the fog" 
beyond him. The number of circles varies from one to 
fivcj and when the sun is bright, or the fog thick and 
low, they are usually numerous and highly colored. 

482. On the 23d of July, 1821, Scoresby saw four 
concentric circles around his head, with the series of 
colors ananged in the following order : 

1st circle, white, yellow, red, purple. 

2d circle, blue, green, yellow, red, purple. 

3d circle, green, whitish, yellowish, red, purple. 

4th circle, greenish white. 

The colors of the first and second rings were very 
brilliant, those of the third faint, and only seen at inter- 
vals, while the fourth exhibited only a slight tinge of 
green. According to Scoresby, anthelia are always seen 
in the polar regions whenever fog and sunshine occur 
at the same time. 

483. Several philosophers have supposed that an- 
thelia, or coronas opposite to the sun, are caused by 
the passage of light through frozen particles of vapor, 
but this phenomenon has frequently occurred, when the 
temperature of the air was so high as to preclude this 
idea. 

Thus Kacmtz often beheld anthelia upon the Alps, 
when the temperature of the air was 50° Fah., at a 
short distance from the fog. Their explanation upon 
the principle of diffraction is the most satisfactory, and 
the truth of this theory is strongly confirmed by an ob- 
servation of Kaemtz, who, on one occasion, first saw a 
co7'ona when the cloud was between himself and the sun, 



What is the opinion of some philosophers in regard to anthelia? 
What objection can be urged against this view 7 
What fact is stated by Kaemtz? 
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and then an anthelion from the same cloud when it was 
opposite to the su?u 

HALOES. 

484 Haloes are circles of prismatic colors about the 
Sim and moon ; they differ from coronas in three partic- 
ulars ; first, their structure is often more complicated ; 
secondly, their diameter is greater; and thirdly, the 
order of colors is reversed, the red being nearest tne lu- 
minary. 

485. The several parts of this phenomenon may be 
thus classified, 1st, Circles surrounding the orb which 
occupies their centre, 2d, Circles passing through the 
orb. 3d, Arcs of circles touching those of the first class. 
4th, Parhelia and paraseleniB or mock-suns and mock- 
m^oons^ found at the points where the circles cross each 
other. 

486. Facts. The annex- Pig.37. 
ed figure represents a halo 
around the sun, observed by 
Scheiner, in 1630. In the 
cut, S is the sun, A B C a 
circle about 45° in diameter, 
and D E P another circle, its 
diameter being nearly 95° 
20', the sun being in their 
common centre. Both the 
circles were colored like the 
primary rainbow, but the 
red was next to the sun, the 
other colors succeeding in 
the natural order. D S F is 
a third whitish circle pass- 
ing through the centre of the sun, and H E G a portion 
of a fourth touching D E F at E. At A, C, D, and P, 
were mock-suns ; the same phenomena were seen at B 




SOLAR HALO 



What are haloes? 

How do they differ from coronas or crowns? 
How are the several parts of the halo classified? 
Describe the three haloes recorded. 
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and E. The mock-suDH, A and C, were of a purplish 
Ted next to the sun, while D and F were entirely white ; 
the former were also more brilliaDt, caniiouing visible 
for three hours K^ether, while the light of the latter was 
faint and fluctuating. 

The mock-Buns B and B were almosl the first to ap- 
pear and the last to fade, excepting A, and throughout 
the whole phenomenon, which lasted five hours, they 
were perpetually changing in nuignitude and color. B 
was formed in a peculiar nianner, ihe halo ABC was 
composed of several intersecting circles, and al one of 
these intersections the mock-sun B appeared. 

487. On the 9th of Sept. 1844, a halo of a somewhat 
complicated structure was seen by many observers, both 
at New Haven and at Hartford, Ct. It continued for the 
space of four hours, commencing about 10 A. M. and 
endmg at 2 P. M. 

FK-sa 



Its appearance is shown in figure 38., where S repre-'' 
sents the sun, A B the ordinary halo of about 45° in di- 
ameter, and C D a circle whose centre was in the zenith 
while its circumference passed through the sun. Di- 
rectly north of the zenith, upon the circumference of C 
D, & parhelion appeared at the intersection of C Dwith 
the circles B P and G H. which were both equal in size 
to itself. 



LUNAR HALO. 201 

The halo A B exhibited at times bright prismatic 
tints, and was attended by an ellipse or oval, as seen in 
the figure. The other circles were white, and fainter 
according as they were situated farther from the sun. 

488. On the 30th of March 1660, at Dantzic, Heve- 
lius beheld, about one o'clock in the morning, the halo 
shown in figure 39. When first perceived the moon at 
M was surrounded by pif. 39. 

a complete whitish 
circle, ABC, 45° in 
diameter, while at A 
and C were two mock- 
moons displaying va- 
rious colors, and shoot- 
ing out at intervals 
very long and whitish 
streams of light. At 
two o'clock the larger 
circle, D E P, was seen, 
reaching down to the 
horizon, having a di- 
ameter of 90°. '-'"'^ "^^• 

The tops of both circles were touched by colored 
arches, like inverted rainbows, the red tint being next 
to the moon. The arch at B was a part of a circle equal 
in size to D E F, while that at E was a portion of a 
circle of the same magnitude as A B C. 

489. Such is the general structure of haloes, and the 
identity that exists in the magnitude and arrangement 
of the several parts clearly shows, that they must origi- 
nate in certain fixed laws ; but what those laws are has 
not yet been fully determined. 

490. Ordinary Halo op 45°. The most satisfacto- 
ry explanation of this halo is that given by Mariotte and 
Dr. Young, who suppose it to be caused by the refrac- 
tion of the sun^s rays, as they pass through crystals of 
frozen vapor, floating in the upper regions of the at- 
mosphere. 

What does the general structure of haloes indicate 1 
Explain the origin of the halo of forty-five degrees. 

9* 
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RBFBACTION THROUGH 
XOB-OKTSTALS. 



491. For the sake of illustration ^'f^-^- 
we will suppose that A, figure 40 , is 
a crystal of ice or snow, having its 
refracting angle equal lo 60°, which 
is the usual angle of such crystals, 
and that S B and S P are parallel 
sunbeams, and E the eye of the ob- 
server. The ray, S P, passes through 
the crystal as through a prism, and is 
decomposed into its original colors, 
the greatest amotint of prismatic 
light reaching the eye when the angle 
of deviation, S E R, is about twenty- 
two degrees and a half, 

492. Now, it is well known, that 
in cold weather the air near the earth 
is often filled with fine needle-shaped/ 
crystals of ice, and that in the higher regions of the 
atmosphere, above the limit of perpetual congelation, 
crystalized vapor exists in summer as well as in win- 
ter. (Art. 237.) 

493. If we then suppose a stratum of ice-crystals 
floating in the air so thin that the sun is distinctly seen 
through it, though veiled as by a slight mist ; an ob- 
server will behold this luminary encircled by rings of 
colored light, proceeding from those crystals whose an- 
gular distance from the sun is about twenty-two degrees 
and a half 

The diameter of this circle or halo, will of course be 
nearly 45*^, and the red tint will be next to the sun since 
it suffers less refraction than the blue. 

494. It might be objected, that the ciystals of snow, 
when floating in the air, would not naturally assume 
such positions as to refract the light properly to the 
eye ; but it can be proved by vigorous calculations, that 
if the vast number of crystals which compose the stra- 
tum, take every possible position^ one-half of the sun- 



How is the objection answered, that the crystals of ice would not na- 
turally assume such a portion as to refract the light to the eyel 
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light will pass through them ; and that one-third of the 
transmitted rays will reach the eye within a rarige of 
one and a half degrees^ viz., when the angle of deviation 
S E R varies from 21° 50' to 23° 22'. 

Such is the theory in regard to the origin of the ordi- 
nary hcUo, and the prohability of its truth is strength- 
ened by the fact, that fine crystals of ice are known to 
produce curves and circles of prismatic light. 

495. On the 23d of March, 1845, Prof. Snell, of Am- 
herst College, beheld a most beautiful phenomenon. As 
he stood facing the sun, which had just arisen, he ob- 
served upon the dead grass before him a curvedy hori- 
zontal band of light, three or four feet broad, glowing 
with all the colors of the rainbow. The top of the 
curve was twelve or fifteen feet distant, while the two 
branches extended several rods to the right and left 
The long spires of dead grass were fringed with frost- 
crystals, and the cause of this brilliant arch was justly 
attributed to the refraction of the sun's rays as they 
traversed these minute prisms. 

496. If a distant light, as a street-lamp, is viewed 
through a pane of glass upon which the vapor of a room 
has crystaiized, two or more fine haloes will be distinctly 
seen surrounding the luminous object. The same ap- 
pearances are presented to the eye if we substitute a 
plate of glass upon which a few drops of a saturated 
solution of alum have rapidly crystaKzed. 

497. Extraordinary Halo op 90°. The halo of 
ninety degrees is also supposed to be owing to the re- 
fraction of light through crystals of ice or snow ; the 
crystals being six-sided prisms< (Art. 283.) 

498. Circles passing through the Sun. These 
are often highly colored, and when the sun is near the 
horizon, a portion of a vertical circle sometimes pre- 
sents the appearance of an upright, luminotis column. 

What fiicts are stated to show that minute ice-crystals can produce 
haloes? 
How is the halo of ninety degrees caused? 
What is said respecting the circles passing through the sun 1 
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Many years ago, on a very cold morning, there were 
seen at Went Point, above the sun, vertical columns of 
light of exceeding splendor, tinted with all the pris- 
matic co/or^, and surpassing in brilliancy the hues of the 
rainbow. A similar phenomenon was observed at the 
same place, by Prof. Twining, on the 6th of Jan. 1836 ; 
but the prismatic tints were wanting. 

On the 2d of January, 1686, an extraordinary display.^ 
of this kind was seen by Roth, at Cassel. Before the 
sun rose, an upright column of light illumined the sky, 
at the point where the sun was about to appear. Its 
breadth was equal to that of the sun, and it glowed like 
a vivid flame. An imctge of the sun next appeared so 
brilliant as to be taken for the orb itself. This was 
immediately followed by the true sun, which was di- 
rectly succeeded by a second image. The luminous 
column with its three suns was visible for the space of 
an hour; the three suns were exactly similar, only the 
true one was the brightest. 

499. A similar phenomenon was observed on the 21st 
of February, 1847, by Lieut. Abert and hia party, du- 
ring their exploration of New Mexico, and is thus de- 
scribed by Abert in the official report of the expedition : 

'' The snow had heaped up around the rest of the tents 
so that the inmates were obliged to desert them, and 
take refuge in the wagons. About mine, the wind had 
swept in such a w^y as to keep open a path around it, 
although the snow was on a level with the ridge-pole of 
the tent. We now broke up some boards that were in the 
wagons, and kindled a little fire. Soon the sun rose ; 
but, instead of one sun, we had t/iree ; all seemed of 
equal brilliancy; but, as tliey continued to rise, the mid- 
dle one only retained its circular form, while the others 
shot into huge colum>7is of fire, which blended with the 
air near their summits. The breadth of the columns 
was that of the sun's apparent diameter, and their height 
about twelve times the same diameter ; they were be^ 
tween twenty and thirty degrees distant from the sun. 
Before the sun had risen more than ten degrees the 
phenomenon entirely disappeared." 
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500. The origin of these circles, as well as of those 
which belong to the third class, is attributed to the 
action of snow-crystals upon the rays of light, and phi- 
losophers have discovered much ingenuity in framing 
hypotheses to account for these phenomena. 

501. Parhelia and Paraselene. The images of 
the sun observed in haloes, are called parhelia, from the 
Greek words para, near, and helios, the sun ; while 
those of the moon are termed paraselence, from para, 
near, and seUna, the moon : they have also received the 
names of mock-suns, and mock-moons. These images 
are found at the intersection of the different circles, and 
are formed by the accumulation of light at these points. 
That such an increase of light occurs is obvious : for 
if two equaily bright circles cut each other, the place 
where they cross will be twice as bright as the circles 
themselves. The parhelia and paraselenae are tinged 
with the colors of the ordinary halo, and have frequently 
appended to them a waving stream of light. 



What is said as to their origin 1 
What are parhelia and paraselenae 7 
In what manner are they produced ? 
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CHAPTER I. 

OF METEORITES. 

502. Meteorites are those solid fiery bodies which 
from time to time visit the earth, sweeping through tiie 
sky with immense velocity in every direction, and re- 
maining visible but a few moments ; they are generally 
attended by a luminous train, and during their progress 
explosions usually occur, followed by the fall of stones, 
to which the name of aerolites is given, from the Greek 
words aer^ atmosphere, and lUhos, a stone. 

503. Facts. At noon, on the 7th of Nov. 1462, at 
Ensisheim, in Germany, a loud explosion was heard in 
the air, and a stone seen to fall which buried itself deep 
in the earth. It weighed 260 lbs., and by the order of 
the Emperor Maximilian, was suspended in the church 
at Ensisheim, where it remained until the French revo- 
lution. A portion of it is now in the Parisian museum, 
and another in the Imperial Cabinet at Vienna. 

On the 21st of June, 1635, a fiery mass was seen 
passing over the Veronese territory with such velocity, 
that the eye could scarcely follow its motions. Loud 

What is the subject of part sixth 7 

What of chapter first 1 

Define meteorites. 

What are aerolites'! 

Relate the account of the meteorite of En^helm. 

Of that of Verona. 
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explosions were beard, and a large stone^fell near the 
Benedictine Convent, about six miles from Verona. 

504. At half past six o'clock, on the morning of the 
14th of Dec. 1807, a meteorite was seen rushing from 
north' to south, over Weston, in the State of Connecti- 
cut; its apparent diameter being equal to one-half j or 
two-thirds^ that of ih^full moon. As it passed behind 
tbe clouds, it appeared like the sun through a mist, and 
shone with a mild and subdued light ; but when it shot 
across the intervals of clear sky, the glowing body 
flashed and sparkled like a firebrand carried against the 
wind. Behind it streamed a pale^ luminous train, taper- 
ing in form, and ten or twelve times as lonff as its diamr 
eter. 

The meteorite was visible for the space of half a 
minute, and just as it vanished gave three, distinct 
bounds. About thirty seconds after its disappearance, 
three heavy explosions were heard like the reports of a 
cannon, succeeded by a loud, whizzing noise. Directly 
after the explosions, a person of the name of Prince 
heard a sound resembling that occasioned by the fall of 
a heavy body, and upon going from the house perceived 
a fresh hole in the^ turf, at the distance of twenty-five 
feet from the door. At the bottom of the hole, two feet 
below the surface, an aerolite was discovered which 
weighed nearly 35 pounds. 

Another mass, which was dashed to pieces upon a 
rock, was judged, from the fragments collected, to have 
weighed two hundred pounds. Other aerolites fell in 
various parts of the town. The stones, at the time of 
their descent, were hot and crumbling, but gradually 
hardened upon exposure to the air. 

505. At Futtypore, in India, on the 5th of Nov. 1814, 
a meteorite was seen, shortly after sunset, shooting 
swiftly towards the north-west. It appeared as a blaze 
of light surrounding a red globe of the apparent size of 
the m^on. As it proceeded on its course, loud explo- 
sions were heard, resembling the sound of distant artil- 

Of that of Weston. 
Of that of Futtypore. 



208 LUMINOUS PHENOMENA. 

lery, and a stone fell, which, in its descent, emitted 
sparks like those proceeding from a blacksmith's forge. 
When first discovered, the aerolite was hot, and ex- 
haled a strong sulphm'ous smell. 

On the 11th of Dec. 1836, just before midnight, a me- 
teorite of extraordinary size and brilliancy was seen 
over the village of Macao, in Brazil, traversing a cloud- 
less sky. It burst with a sharp, loud noise, and a 
shower of stones fell within a circle of ten leagues. The 
aerolites varied in weight ixovaono pound to eighty^ and 
descended with such force as to break through the roofs 
of houses, and bury themselves deep in the sand. 

506. Dr. Chaldni has compiled an extensive catalogue 
of instances when meteorites have been seen; from 
which it appears, that these extraordinary bodies have 
been noticed from the earliest ageSy and in all parts of 
the world ; and, since attention has been drawn to the 
subject, scarcely a year now passes without one or more 
well-attested cases of the fall of aerolites. 

507. Size op Meteorites. We must not confound 
the magnitude of the meteorite with that of the aerolite , 
for the latter is nothing more than a fragment thrown 
off from the former and falling to the earth, while the 
main body sweeps onward in its course. 

The diameter of the Weston meteorite was computed 
to be 300 feet, and that of the meteorite obseiTed by 
Mr. Cavallo, at Windsor, on the 18th of Aug. 1783, was 
calculated by this gentleman to be no less than 3210 
feet, or more than three-fifths of a mile. Mrs. Somer- 
ville mentions one that was estimated to weigh nearly 
600,000 tons. 

508. Altitude. The height of meteorites above the 
earth has been estimated, and found to vary from 18 to 
70 or 80 miles. According to the calculations of Dr. 
Bowditch, the meteorite of Weston approached within 18 
miles of our globe, and one mentioned by Mrs. Somer- 

Of that of Macao. 

When and where have meteorites appeared 7 

What is said re|«rdmg their size, altitude and velocity 1 



VELOCITT. 20& 

ville, came within the distance of 25 miles. An in* 
stance is given by Dr. Halley of a meteorite that explod- 
ed at an elevation of 69 miles, with a report like that of 
a cannon. 

509. Velocity. The velocity of these bodies is gen- 
erally somewhat more than 300 miles per minute, though 
many cases have occurred of far greater speed ; the me- 
teorite just mentioned, that came within 25 miles of our 
earth, moved at the rate of 1200 miles per minute. 

510. If a body in the atmosphere is seen at the same 
time by two observers upon the earth at differe^U sta- 
tions, and its angular elevation taken at both stations ; 
its height in miles and feet is easily ascertained by the 
aid of trigonometry, when the distance between the two 
stations is known. If the body is in motion, and its po- 
sition noted at the m^oment of its appearance and disap- 
pearance, the distance it travels in this interval, or the 
length of its visible path can be obtained, when its height 
has first been computed. The speed is ascertained by 
dividing the length of the visible path by the number of 
seconds during which the body is seen. The m^agni- 
tude is easily obtained by trigonometrical calculations, 
when the distance of the body and its angular diameter 
is known. In this manner computations are made upon 
meteorites, shooting-stars and the aurora borealis. 

611. From their sudden appearance and extreme ve- 
locity, all observations upon these phenomena are liable 
to great inaccuracy, and estimates of magnitude, velo- 
city and height, derived from such observations must 
be received with much allowance, and are to be regard- 
ed only as approximations, more or less near to the 
truth. 

AEROLITES. 

512. Form. The greater number of aerolites, ac- 
cording to Schreibers, have always the sam£ general 
form,, which is that of an oblique or slanting pyramid. 

'In what manner are calculations made respecting the size, altitude, speed, 
^., of bodies high above the earth 1 
What is said as to estimates of this kind 1 
What is the form and external appearance of afirolitesi 
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They are also alike in external appearmice^ presenting 
to view a blojck^ shining crtist, as if the body had been 
coated with pitch. This crust is not greater than the 
two-hundredtn part of an inch in thickness, its composi- 
tion is identical with that of the ma^s^ it bears the marks 
of fusion, and strikes fire with the flint. When broken, 
the surface of the fracture displays the color of an a^h- 
grey. 

"Distinct aerolites," says Berzelius, the celebrated 
chemist, " are frequently so like one another in color and 
external appearance, that we might believe them to have 
been struck out of one piece." 

513. Composition. According to Berzelius, aerolites 
consist of eighteen elementary substances. A nine- 
teenth has since been discovered, and perhaps two others. 
They are remarkable for containing malleable metallic 
iron, nickel, and chrome. Their specific gravity varies 
from 3.35 to 4.28. 

614. These common characteristics indicate a com- 
mon origin,dLX\di this we are led to seek beyond the earth, 
inasmuch as the composition of aerolites is totally dif- 
ferent from that of any stony mass, forming a part of the 
crust of the globe. Malleable mstallic iron is rarely, if 
ever, found in terrestrial substances, nickel is extremely 
scarce, and has never been discovered on the surface of 
the earth ; and chrome is, if possible, stUl m4)re rare. 

515. It sometimes happens, though seldom, that the 
aerolite consists almost entirely of metallic iron. On 
the 26th of May, 1751, a meteorite burst with a tremen- 
dous report, over Hradschina, in the district of Agram, in 
Upper Sclavonia. Two fragments were seen rushing to 
the earth, the largest of which struck deep into the soil. 
This mass weighed 71 lbs., exhibited evident traces of 
fire, and, upon being analyzed, gave, out of every 100 
parts, 95.5 of iron and 3.5 of nickel. A portion of the 

What is their composition % « 

What do these common characteristics indicate? 

Where must it be sought — and why 1 

Of what does the aerolite sometimes consist 1 

Give the instance. 
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iron being finely polished, and corroded with acids, a 
most beautiful cryatcdine structure was revealed, branch- 
ing in everydireciion over the surface. This peculiarity 
belongs to most of the specimens of the iron of mete- 
orites. (See Fig. 41.) 



(Dipv «/■ on /mjTuwira laitnfrsm [Ae Jron.) 

516. Meteoric Iron. From the peculiar constitu- 
tion and structure of aerolites, we are enabled to detect 
\.he meteoric origin of masses of iron vihicli are occasion- 
ally found scattered over the surface of the earth, in all 
quarters of the globe. For since they possess the same 
elements as the iron of aerolites, combined in the same 
manner, and as no such masses have ever been taken 
from mines, we must,necessarily conclude, thai they were 
once exploded from a meteorite, though no record exists 
of their fall. 

517. Humboldt relates, that in Mexico near the envi- 



■uppoied 10 have a mateoric origin I 
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rons of Durango, is an enormous mass ofmalleahle iron 
and nickel, which possesses exactly the sams composi^ 
Hon as the fragment that fell at Agram. 

A mass of metallic iron, weighing 1544 lbs., was dis- 
covered by Prof. Pallas, in 1771, at Krasnojark in Sibe- 
ria. It was regarded by the Tartars as a sacred ob- 
ject, and according to their traditions had fallen frpm 
heaven. 

The famous mass of inalleahle iron which was found 
in Texas in 1808, and is now in the cabinet of Yale 
College, weighs 1635 lbs. It contains nickel. 

518. During an expedition in South Africa, Sir James 
Alexander discovered, near the Great Fish river, a con- 
siderable tract of country, over which fragments of me- 
tallic iron were scattered in profusion; a specimen 
analyzed by Sir John Herschel, was found to possess 
nickelyihus proving conclusively the meteoric origin of 
the masses. 

519. Origin op Meteorites. Natural philosophers 
have advanced ^ve hypotheses, to account for the origin 
of these extraordinary bodies. 

1^^. That they are ejected from terrestrial volcanoes. 

2d. That they are produced in the atmosphere, being 
formed from the gases exhaled from the earth. 

3d. That they are thrown from, lunar volcanoes. 

Ath. That they are terrestrial comets revolving about 
the earth like the m,oon. 

5th. That they are celestial bodies revolving about 
the sun like the planets, and eiieountered by the earth 
in its annual progress. 

520. First Hypothesis. The first supposition can- 
not be maintained, since it is impossible for the volca- 
noes of the globe to hurl to the height of twenty myites 
masses of the size of meteorites ; besides, the composi- 



Illustrate from the several instances given. 

How many hypotheses have been advanced, to account for the origin 
of meteorites, and what are they ? 
What are the objections to the first hypothesis ? 



ORIGIN. 213 

tion of the latter is entirely different from all volcanic 
products. 

621. Second Hypothesis. The second is likewise 
untenable. Nickelj according to high chemical au- 
thorities, has never been raised in vapor ; even under 
the intense heat of volcanoes. A mass of matter formed 
in the air, must therefore be destitute of nickel, an ele- 
ment which meteorites invariably possess. Moreover, 
such a body, in its descent, would fall perpendicularly 
to the ground by the action of gmvity, and not sweep 
along, as did the Weston meteorite, in a direction nearly 
parallel to the surface of the earth. 

522. Third Hypothesis. In regard to the third hy- 
pothesis, it has been shown, by calculations of La Place, 
and other eininent mathematicians, that a mass pro- 
jected from the moon, with a velocity of lOfi&O feet per 
second^ would pass beyond the point of the moon's at- 
traction, and either fail to the globe in the space of two 
days and a half by the force of gravity, or revolve 
about the earth like the moon. It is not therefore im- 
possible^ that such an event might occasionally occur ; 
but it is utterly improbable that meteorites originate in 
this manner. 

523. Omitting other objections to this hypothesis, the 
size and number of meteorites constitute an insuperable 
difficulty. It requires a strong faith to believe, that such 
masses, as have been described, could be hurled from a 
lunar volcano, at the rate of not less that 10,000 feet per 
second ; a speed ^ve times greater than the highest ve- 
locity of a cannon-ball. 

524. The number of meteorites must be also veiy 
great ; for they have been seen from the earliest ages 
and in all inhabited quarters of the globe occasionally 
traversing the heavens, and those which have been 
noticed are probably only a part of the actual number 
that have visited the earth. Many must have passed 
unseen over the broad expanse of ocean, or crossed vast 

What to the second % 

What argument is advanced in &vor of the third hypothesis 1 

What arguments against it 7 
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tracts of UQinhabited lands, leaving no trace of tbeir 
existence, except ihose masses of meteoric iron, which 
from time to time are brought to light. If therefore the 
lunar theory is adopted, we can scarcely avoid the con- 
clusion, that the moon has been ejecting for ages, so 
many, and such vast masses of matter, as must have 
sensibly diminished her bulk, and occasioned derange- 
ments in her system — results at variance with all obser- 
vations. 

525. Fourth Hypothesis. The fourth hypothesis, 
whicli is that of President Clap, of Yale College, affords a 
more reasonable explanation of the phenomena of these 
extraordinary bodies than any of the preceding. Under 
this view the earth is supposed to possess a system of com- 
ets like the sun. The solar comets revolve about their 
primary in very extended orbits; at one part of the 
course approaching so near the sun as almost to strike 
its surface, and during the remainder, sweeping far out 
of sight beyond the path of the planets, continuing 
invisible for years and even ages. In like manner me- 
teorites arc supposed to revolve about the earth ; their 
size and 'periods of revolution being proportioned to the 
smallness of their primary. Moving also in very ellip- 
tical or oval orbits, they are too distant to be visible 
during the greater part of their course, but at one point 
of their path approach very close to the earth, and enter 
its atmosphere. 

On account of the immense velocity of the meteorite, 
the air is imagined to be condensed before it to such a 
degree, that heat is evolved of sufficient intensity to 
indame the mass at its surface, while during this com- 
bustion gases are generated, which by their expansive, 
energy, produce explosions. By the strength of this dis- 
ruptive force, glowing fragments are detached fronr. the 
surface and fall to the ground, while the meteorite itself 
passes onward on its course. 

526. It has been calculated, that the velocity of a 



Whicn hypothcsiB affords a more reasonable explanation 1 
Explain it fully. 
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body revolving about the earth must not be less than 
300 miles per minute, nor greater than 420. Were it 
less than 300 miles, the mass would fall to the earth by 
the action of gravity ; and if the rate exceeded 420 
miles, it would pass away from the globe and never 
return. Within these limits, allowance being made for 
the motion of the earth in its orbit, and the resistance 
of the air, the body would revolve around the earth like 
the moon, approaching very near to its surface at stated 
periods. 

527. In support of this hypothesis it is urged, that the 
velocity of meteorites, in general, is somewhat more than 
300 miles per minute, though doubtless cases have oc- 
curred in which their speed was far greater. 

The combustion of the meteorite, through the agency 
of a condensed atmosphere, is by no means improbable ; 
for though the medium in which it moves is exceedingly 
rarefied^ yet the velocity of the body is amazing ; and 
it can easily be shown by calculation, that from the 
condensation thus effected, an intensity of heat would 
be developed of which we have no conception. (Art. 
561.) Moreover, as silica^ magnesia, and potassa are 
found in meteorites, it has been conjectured, that they 
may originally exist there in the state of pure metals; 
and, that when the meteorite enters our atmosphere, 
combustion arises from the extraordinary aiSinity of 
these substances for oxygen. 

In those instances where meteorites move at a 
greater rate than 420 miles per minute, they are sup- 
posed either to revolve about the sun, and that the earth 
occasionally meets them in her annual progress ; or to 
wander through space, until they come within the supe- 
rior attraction of some other orb, and are then com- 
peUed to revolve around it. 



What calculation has been made in respect to a body revolving about 
the earth 7 

What facts and suggestions are adduced in support of Pres. Clap's hy- 
pothesis? 

What is said of meteorites moving at a greater rate than 420 miles per 
minute 1 
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628. Fifth Hypothesis. The last hypothesis is that 
of Ghaldni, and is explained in Art. 555. In this the 
ig^iition and explosion of the meteorite are attributed 
to precisely the same causes as those assigned in the 
fourth hypothesis. 



CHAPTER 11. 



OF SHOOTINa-STAHS AND METEORIC SHOWERS. 

629. Shooting-stars or meteors differ from meteorites 
in several particulars. They commonly possess a supe- 
rior velocity, and their altitude is generally greater : 
bursting from the clear sky, they dart along the heaven 
like a rocket, consuming themselves in their course, and 
leaving behind a luminous train, which gradually van- 
ishes in a short lime. Unlike the meteorite they usually 
pass away without any explosion, and no portion of the 
body ever reaches the earth. Besides, they are far more 
numerous amd frequent ; appearing almost every night, 
and at times descending in such multitudes that the heav- 
ens are illumined /or hours with their glowing trains. 

630. Altitude. In order to investigate the phenom- 
ena of shooting-stars, Brandes and Benzenberg, two 
German philosophers, made a series of simultaneous 
observations in the fall of the year 1798. On six even- 
ings, between September and November, 402 shooting- 
stars were beheld, and of these twenty-two were so 
identified, that their altitudes, at the moment of their 
extinction, could be readily computed. They were found 
to be as follows : 

7 disappeared at altitudes under 45 miles. 

9 " " between 45 and 90 miles. 

6 " " above 90 miles. 



Of what does chapter second treat 1 

In what particulars do shootmg-stars and meteors differ from meteorites 1 
Relate the account of the observations of Brandes and Benzenberg, for 
determining the altitudes of shooting-stars 1 
Give their results. 
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The least and greatest elevations were six miles and 
one hundred and forty, 

631. In 1823, the investigation was renewed by 
Brandes, at Breslau and the neighboring towns, on a 
more extended'scale. Between April and October, 1800 
shooting-stars were seen at the different stations. Out 
of this number, 98 were observed simtdtaneotisly at 
more than one station, Und afforded the means of esti- 
mating their respective altitudes. The results were as 
follows: 

4 disappeared at altitudes under 16 miles. 

16 " ^^ between 1 ^ and 30 miles. 

22 « « « 30 « 46 " 

33 « u u 45 u 70 u 



13 " " " 70 « 90 " 

11 '' . , " above 



30 


« 46 


46 


" 70 


70 


« 90 


90 





(( 



Out of the last eleven, two vanished at an elevation 
of 140 miles, a third at 220 miles, a fourth at 280 miles, 
and B, fifth at 460 miles. 

The neight of four shooting-stars noticed by Profes- 
sors Loomis and Twining, in December, 1834, varied 
from 64 miles to 94. 

632. Similar observations were made in Switzerland, 
oa the 10th of August, 1838, by Wartman and others. 
A part of the observers stationed themselves at Geneva, 
and the rest at Planchettes, a village about sixty miles 
to the north-east of that city. In the space of seven 
hours and a half, 381 shooting-stars were seen at Gene- 
va, and in five hours and a half 104 at Planchettes. All 
the circumstances attending their appearance were care- 
fully noted, and their average height was computed at 
five hundred and fifty miles. 

633. Velocity. In the first series of observations 
made by Brandes and Benzenberg, only two shooting- 
stars afforded the means of determining their speed; 
one possessed a velocity of 1600 miles per minute^ and 

Give those of Loomis and Twining. 
Give those of Wartman, at Geneva. 

What is their velocity according to the obiervationi of Brandei and 
Beazenberg, tmd Ctueteletl 

10 
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that of the other was between 1020 and 1260 miles per 
minute. 

In the second series, undertaken in 1823, the estimat- 
ed rate of motion varied between 1080 and 2160 miles 
per minute. At Belgium, in 1824, M. duetelet obtain- 
ed observations upon six of these singular bodies, from 
which he was enabled to deduce their respective veloci- 
ties, which were found to range from 600 to 1500 miles 
per minute. 

534. Course. Of thirty-six stars, whose paths were 
ascertained by Brandes, the motion in twenty-six cases 
was downward, in one horizontal, and in the remaining 
nine, m>ore or less upward ; nor did they always move 
in straight lines ; for the paths of some were curved, 
either upwards or sideways ; while others proceeded in 
a serpentine course. Their general direction was from 
north-east to south-west. Several examples have been 
given by Chaldni, where the luminous body described a 
semdcircle, first rising and ihea falling. 

535. Magnitude. The size of shooting-stars is va- 
riable. Fire-balls, which are regarded as nothing more 
than large meteors, have sometimes appeared of a 
magnitude almost incredible. During the remarkable 
shower of meteors, on the 12th and 13th of November, 
1833, luminous globes, apparently as large as Jupiter 
and Venus, were seen darting through the air in all 
directions. About three o'clock on the morning of the 
13th, a splendid body which appeared equal in size to 
the full moon, swept across the heaven from east to west. 
If the distance of this meteor was only eleven miles, its 
diameter must have been 528 feet, or one tenth of a 
mile. Amid the shower of stars that occurred in 1799, 
meteors were observed by Humboldt, apparently twice 
the size of the moon. 

536. On the evening of the 18th of May, 1838, a 
meteor of extraordinary magnitude passed over the 

What is said respecting the course of shooting-stai-s 7 

What of their magnitude 1 

Relate the account of the meteor of the 18th of May. 
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Northern States and a part of Canada. From the facto 
which he collected, Prof. Loomis estimated its diame- 
ter at 1320 yards, or three quarters of a mile. Its velo- 
city was computed by this gentleman to be nearly 2100 
miles a minute, its height to be 30 miles, and the 
length of its path 200 miles. The meteor was followed 
by a train of inconsiderable extent, probably formed 
of the detached portions of the body which fell be- 
hind. 

537. Splendor. At times these luminous bodies 
present a spectacle of surpassing beauty, from their 
brilliant coruscations^ extended trains^ and rich diversity 
of colors. During the month of April, 1832, a globular 
ball of fire, apparently z.foot in diameter^ passed over 
Torhut, in India, early in the morning. Behind it 
streamed a train of dazzling light, which appeared to be 
several yards in length. The meteor illumined the 
surrounding country to a great distance, and after re- 
maining visible for the space of five seconds, exploded 
without noisoj like a rocket, throwing out numerous 
coruscations of intense splendor. 

In May of the same year, and at the same place, a 
similar body was seen moving rapidly through the air, 
from north to south. It glowed with a brilliant mixture 
of green and blue light, and vanished in about three 
seconds, leaving a luminous train of great length. 

538. During the nights of the 9th and 10th of August, 
1839, many shooting-stars of singular beauty were seen 
by Mr. E. O. Herrick, of New Haven. One flashed 
with a golden green light, and another sparkled with 
green and blue. Meteors entirely green have at times 
been noticed. A meteor which swept over Kensington, 
near London, in 1839, as brilliant as Jupiter and ap- 
parently of greater size, presented the rare combination 
of white light in the mass, with one edge red and the 
opposite of a deep blue or purple. 

On the morning of the 13th of November, 1833, a 
most brilliant meteor was seen by Prof. Twining, de- 

What is said of thair splendor 1 
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HcendiDg towards the earth with msnestic rapidity. Its 
apparent size was one-fiftb that of the moon, and its 
color a deep red. It vanished when near the ground, 
leaving behind a fiery train of the same hue, excepting 
that ii displayed the prismatic tints, especially at the 
point where the meteor expired. 

539. The usual color of meteors is that of a phospho- 
ric white tinged with red. The trains generally vanish 
in a few seconds, but they have been known to last for 
the space of seven minutes, and even Jif teen. Their 
light (as we have just seen) is not invariably of one hue, 
for at times it presents to the eye all the rich tints of the 
rainbow. 

METEORIO SHOWEHS. 

540. The wondrous display of meteors in 1833, drew' 
the attention of philosophers to the subject of shooting 
stars, and, from the results of subsequent researches and 
observations, there is now reason to believe, that certain 
epochs exist when these luminous bodies appear in greater 
numbers than usual, and that sometimes at the return 
of these periods they literally descend to the earth in 
showers. The best ascertained periods are those of the 
12th and 13th of November, and the 9th and 10th of 
August. 

541. November Epoch. On the morning of the 
12th of November, 1799, an extraordinary display of this 
nature was seen by Humboldt and Bonpland, at Cuma- 
na, in South America. During the space oifour hours 
the sky was illumined with thousands of shooting-stars, 
mingled with meteors of vast magnitude. This phe- 
nomenon was not confined to Cumana, but extended 
from Brazil to Greenland, and as far east as Weimar, in 
Grermany. 

On the 13th of the same month, in 1831, a meteoric 
shower occurred at Ohio, and also near Carthagena, off 
the coast of Spain. At the latter place, luminous meteors 
of large size were beheld, one of which left behind it an 



Are meteors at all times equally abundant 1 
What two gieat epochs exist 1 
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enormous train, tinted with prismatic hues, its trace con- 
tinuing visible for the space of six minutes. On the same 
day of the following year, vast numbers of shooting stars 
fell at Mocha on the Red Sea, upon the Atlantic ocean, 
and in Switzerland. The same brilliant spectacle then 
appeared in various parts of England ; the sky being 
illumined soon after midnight by the rushing of thou- 
sands of meteors in every direction. 

542. But by far the most magnificent display of this 
kind occurred on the night of the 12th and morning of 
the 13th of November, 1833. It extended from the 
northern lakes to the south of Jamaica, and from 61^ 
W. Long, in the Atlantic to about 150° W. Long, on 
the Pacific ocean near the equator. For the space of 
seven Tiours, from 9 P. M. to 4 A. M., the heavens blazed 
with an incessant discharge of fiery meteors, that burst 
in countless numbers from the cloudless sky. At times' 
they appeared as thick as snow-flakes falling through 
the air, as large and as brilliant as the stars themselves ; 
and it required no vivid imagination to suppose, that 
these celestial bodies were then actually rushing towards 
the earth. 

543. Varieties. The luminous bodies of this shower 
seemed to be divided into three kinds. The first con- 
sisted of bright lines traced through the sky, as if by 
a point. The second oi fiery balls, that occasionally 
darted across the heavens, trailing behind them extend- 
ed and luminous trains, which generally continued visi- 
ble for many minutes. The third of radiant bodies, that 
continued almost immovable for a considerable time. 

544. Meteors of the first class occurred in great 
abundance. At Union Town, Pennsylvania, they were 
seen shooting along like streams of fire with the rapid- 
ity of lightning ; often crossing half the visible heavens 
in less than a second. 

At New York, about a .quarter past five o'clock, a 
meteor of the second class was beheld rushing from the 

Describe the meteoric showers of November, 1799, 1831, 1832 and 1833. 
In the shower of 1833 how many kinds of meteors were noticed 1 
Describe them, and give the instances. 
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zenith, and marking its course by ^ fiery line apparently 
two or three inches wide. After passing downward to 
a considerable distance, it formed into a halt of the appor 
rent size of a man^s hat, and then returning on its path, 
assumed a serpentine figure. It lay extended through 
the sky for the space of several minutes, and then struck 
off to the west. 

A meteor of the third kind was visible in the north- 
east, at Poland, Ohio, for more than an hour. It first 
appeared in the form of 'a pruning hook, apparently 
twenty feet long, and eighteen inches broad, and shone 
with great splendor. At Niagara Palls, at two o'clock 
in the morning, an extended luminous body like a square 
table was noticed in the zenith. It remained for a time 
nearly stationary, sending out on every side broad streams 
of light 

545. It was distinctly noticed by many attentive and 
accurate observers, that all the meteors appeared to 
emanate from a certain region, situated in the constella- 
tion Leo ; and that during the whole display this point 
was stationary amxmg the stars for more than two 
hours; thus proving, that the source of the meteoric 
shower was beyond the atmosphere of the earth ; for had 
it been within, it must have moved eastward, in the 
direction of the earth's daily motion. 

546. For four successive years, after the great No- 
vember shower of 1833, an unusual number of meteora 
was observed in America at this period. The phenome- 
non ceased, upon this continent, in 1838 ; but an extra- 
ordinary display then occurred at Vienna, more than a 
thousand meteors falling in the course of six hours, 

547. August Epoch. The second meteoric period 
occurs on the 9th and 10th of August It was first dis- 
tinctly announced in 1827 by Thomas Foster of London, 

What fact was distinctly noticed by attentive observers 7 

Where is this point situated 7 

What is inferred from the circumstance that It was stationary 7 

For how many years after 1833 did this phenomenon appear 7 

When does the second meteoric period occur 7 

By whom was it first announced 7 
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ia his Encyclopedia of Natural Phenomena. The num- 
ber of meteors observed at this e|X)ch is probably five or 
six times more than the usual nightly average, which 
has been estimated by Mr. E. C. Herrick, of New Haven, 
at not more than thirty per hour for four observers. 

548. From 1836 to the present year, scarcely a season 
has passed without an unusual display of meteors at this 
period, in some quarter of the globe. 

On the 9th of August, 1839, four observers at New 
Haven beheld 691 shooting-stars in the course of fiv.*^ 
hours, a third part surpassing in brightness stars of the 
first magnitude. On the ensuing night, 491 were seen 
m the space of three hours, by the same number of ob- 
servers; and at Vienna in Austria, during the same 
evening, shooting-stars descended at the rate of sixty 
per hour. 

Upon the annual return in 1842, 490 meteors fell at 
Parma in Italy, and 779 at Vienna. Many were like- 
wise seen at Brussels. At New Haven, in the space 
of fi^y minutes, 89 were seen, one of which equaled 
Jupiter in splendor. 

In 1847, at Manlius, N. Y., 415 meteors were seen on 
the morning of the 11th of August in the course of two 
hours, commencing at midnight and ending at 2 o'clock 
A. M. On the 10th of August, 1848, 475 meteors were 
noted at New Haven, in the space of two hours and a 
half by Mr. E. C. Herrick and three other observers. 
Many of them exceeded in brilliancy stars of the first 
magnitude. In France, on the same night, 414 shooting- 
stars were beheld by two observers, within a period of 
three hours and a quarter. 

549. Like the meteors of November, those of August 
appear also to radiate from a small space in the heav- 
ens, which has been referred, by all observers, to the 
constellation Perseus. 

Shooting-stars have likewise been found to be more 



What is said in regard to the recurrence of this shower 1 
State fiicts. 

What is said respecting the source of the August meteors 7 
Where is it situated 7 
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than usually abundant on the 18th of October, the 6th 
q^nd 7th of December, the 2d of January, the 20th of 
April, and from the 15th to the 20th of June. 

650. Origin. Prof. Ohnsted, who was the first to 
present his views upon the extraordinary phenomenon, 
which occurred on tne 12th of November, 1833, has ar- 
rived at the following conclusions from a veiy extensive 
examination of facts. 

That the source of the meteors is a body possibly of 
^eat extent, composed of matter exceedingly rare like 
(he tail of a comet. That it revolves about the sun 
within the orbit of the earth, its period of revolution be- 
ing probably a little less time than a year. 

That in consequence of its proximity on the night in 
question, the extreme parts of the body were detached 
and drawn towards our globe, by ih^ force of gravity. 

That its altitude above the surface of the earth, at its 
nearest point, was about 2238 miles; and that the de- 
scending fragments entered the atmosphere with a velo- 
city ranging from about fourteen to twenty miles per 
second. 

That these fragments were combustible, Q.nd in conse- 
quence of their amazing velocity, the air was so power- 
fully compressed before them, that they took fire, and 
were consumed before reaching the earth. 

651. This last conclusion will appear by no means 
incredible, when the following considerations are taken 
into view. 

By suddenly forcing down a solid piston to the bottom 
of a cylinder, in which it moves air-tight, sufficient heat 
can be evolved to ignite tinder ; and this occurs, when 
the air within the cylinder is compressed to one-fifth of 
its original volume. Upon the supposition, that the de- 
scending fragments compressed the rarefied atmosphere 
at the height of 35 miles only to the density of common 
air, the amount of heat developed would be 46,080° 

What is said of other periods 1 
Detail Prof. Olmsted's theory. 

What is said respecting the amount of heat developed by the eondcnsa- 
tion of the atmosphere 1 
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Fah.; an intensity nearly three times greater than the 
highest temperature of a glass-house furnace, which is 
16,000° Fah. 

552. If the nebulous body revolves about the sun in 
a period somewhat less- than a year, it tends to explain 
the occurrence of shooting-stars at cUl secj^ons (since the 
earth and the nebulous body would then be always com- 
paiatively near each other\ and will also favor the ex- 
planation of the meteoric snowers which have happened 
towards the end of April. 

553. Prof. Olmsted has been led to suppose, from the 
whole course of his observations, that the nebulous body 
in which the meteors originated, might be identical with 
the zodicLcal light. In a late article published by M. 
Biot, this distinguished philosopher also maintains, that 
meteoric showers are occasioned by the zodiacal light 
coming in periodic contact with the atmosphere of the 
earth. 

It is not regarded by Prof. Olmsted as essential to the 
truth of his theory, that a shower of meteors should 
occur upon the 13th of every November 

554. In order to account for shooting-stars in gen- 
eral, including alike their ordinary and extraordinary 
displays, and embracing the several epochs, the views 
of Chaldni have been adopted by Arago and other emi- 
nent philosophers. 

555. Chaldni's Theory. This theoiy consists in 
supposing, that, besides the planets, millions of small 
bodies are constantly revolving about the sun, which 
become ignited when they enter the terrestrial atmos- 
phere. They are not considered to be uniformly spread 
throughout space ; but in some regions to be diffusely 
scattered, and in others grouped together in vast multi- 
tudes, forming zon£s or rings around the sun ; many 
of which cross the path of the earth. 

The ordinary, nightly phenomenon of shooting-stars, 



If the nebulous body revolves about the sun in a little less time than a 
year, what does it tend to explain 7 
What is M. Biot's opinion 1 What is Chaldni's theory 7 

10* 
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is then imaffined to arise, when the earth, in her pro- 
gress through the heavens, traverses those regions which 
contain only ^few of tliese bodies ; but when the zones 
arQ encountered, and the globe passes amid countless 
numbers, the display is proportionally greater, and the 
meteors occasionally descend in magnificent showers. 
Amid this vast collection solid masses of considerable 
si2^ are supposed to exist, and should one of these enter 
the atmosphere of the earth, a meteorite with all its 
splendors sweeps across the sky. 

Such at present is the general state of our knowledge 
in regard to shooting-stars. 



CHAPTER III. 

OF THE AURORA BOREALIS OR NORTHERN LIGHT. 

556. The Aurora Borealis is a luminous appearance 
in the northern sky, which presents, when in full dis- 
play, a spectacle of surpassing splendor and beauty. It 
has in all ages been an object of wonder and mystery, 
and still continues so ; for although many valuable facts' 
have been brought to light by the investigations of 
science, the cause of this brilliant phenomenon is yet in- 
volved in obscurity. 

557. Constitution. Notwithstanding its fantastic 
motions, and momentary changes in brightness and 
color, the aurora, according to the best observations, 
still preserves, amid all its fluctuations, certain invaria- 
ble characteristics of form and position. It consists of 
a dark segment^ an arch of light, luminous streamers, 
and a corona or crown. 

558. Dark Segment. All observers in the high 
latitudes of Europe, agree in stating, that before the 



What does chapter third treat of 7 
What is the Aurora Borealis 1 
Of what does it consist 1 
Describe the dark segment. 
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aurora appears, the eky in the noithern horizon assumes 
a darkish hue, which gradually deepens, until a circular 
segment is formed, bordered by an arch of light, extend- 
ing frqm east to west. The seg'ment piesenta the ap- 
pearance of a cloud, its tint is light in the lower lati- 
tudes, and grows darker as we advance to the north, uu to 
a certain limit ; after this the re^verse occms, and when 
high latitudes are attained it becomes so faint as to be 
scarcely visible. At Upsal and Christiana it is some- 
times black or of a deep gray, which chaoges into a 
violet. 

During a splendid aurora, that occurred at Toronto in 
Dec. 1835, and which is described by Capt. Bonnycastle, 
a dark, black changing mass, was visible below the lu- 
minous arcl), (fig. 43,) and in a remarkable phase of the 
aurora, when aeveial bright bows were seen at once, 
the Interval between \\\& second and third assumed a 
blachtesa of the deepest intensity, 

F1(.4!L 



559. A difference of opinion exists in regard to the 
nature of this segment. From numerous observations 
made at Dorpat in Russia, Struve infers, that the dark- 
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ness is simply the effect of contrctst with the luminous 
arch ; while, from equally extensive researches at Abo 
in Finland, Argelander concludes, that the segment is 
something real ; since the portion of the sky it occupies, 
is darker than common, before the bright bow of the 
aurora appears. 

560. Arch of Ligho^ The dark segment is bounded 
by a luminous arch or bow, varying in width from one to 
three apparent diameters of the moon. Its lower edge 
is clearly defined, but the upper is only so when the 
arch is narrow, for as the width increases, it gradually 
blends with the brightness of the sky. The color of 
the bow is a pale white, which becomes more pure and 
brilliant near the polar regions. 

According to the most accurate observations, this arch 
has a tendency to place itself at right angles to the 
m>agnetic meridian, or in other words, to the direction 
of a compass-needle at rest. (C. 985.) This fact was 
particularly noticed by Lieutenant Hood, who accom- 
panied Franklin in his northern expedition in 1819. 

561. The centre ^f the auroral arch probably coin- 
cides with the north magnetic pole of the earth, which 
is situatedf in 70° N. Lat. In our own country, the com- 
pass-needle points to the north, and the arch crosses the 
heavens from east to west ; but in some parts of Green- 
land, the needle is directed to the west, and the arch is 
then seen extending from north to south. 

In the year 1838, when Simpson wintered at Fort 
Confidence, in 66° 54' N. Lat., he found the needle 
always pointing to the north-east, and the auroral arches 
invariably spanning the heavens at right angles, from 
north-west to south-east. 

At Melville Isle, in 74° 30' N. Lat., the luminous 
arches were seen by Parry in the south; the north 
magnetic pole of the earth being then in that direction. 

562. This beautiful bow of light is not stationary. 

Describe the arch of light. Its color and position. 

What is its position in some parts of Greenland 1 

What was its position at Fort Confidence and at Melville Isle 7 

Is the arch of light stationary 1 
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but frequently rises and falls; and when the aurora ap- 
pears in great splendor, several arches are seen at the 
same time crossing the sky, ascending gradually from 
the horizon to the zenith, and passing over in succession 
with their Buramits moving in or parallel to the magnetic 
meridian ; presenting to the eye broad bells of light, 
increasing I'n brightness aa they approach the zenith. 

563. No less Uiru five such arches were seen at once 
by Lieut. Hood ; but similar phenomena, of far greater 
beauty, were witnessed by M. Lottin at Bossekop, in 
West Finmark, during the winter of 1838-9. (Figs. 
43, 44.) 



What phenomvo were beheld by Lieut. Hood and M. Lotlin 7 
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On oae occasion, as many as nine auroral arclies 
were visible, separated by distinct intervals, and in their 
arrangement resembling magnificent curtains of light, 
hung one behind and below the other, their dazzling 
folds extending completely across the sky. 

564. Streamers. Although the luminous arch pre- 
serves, in the main, its curved form, it is subject to con- 
stant changes. Now at one extremity, now at the other, 
and again at intermediate points, a cloud of hght will 
break suddenly forth, separating into rays which stream 
upward like tongues of fire, moving at the same time 
backwards and forwards, along the auroral bow. 

The origin of the streamers is in the luminous arch, 
from which they rise in the form of tapering rays or 
pencils of light, ever in motion, and continually varying 
m brilliancy, number, magnitude, and color. At one 
moment, a ray is just visible above the arch, faintly 
glowing in the sky ; at the next it is seen shooting up- 
ward in a pyramid of flame and at the same time moving 
majestically across the heavens. As suddenly its bright- 
ness fades, and as quickly it is again beheld, flashing 
forth with renewed splendor. 

565. Color. During the extraordinary displays of 
the aurora in our own latitude, the sky is frequently 
seen suffused with a flush of rosy light, while the 
streamers assume a crimson hue. In that which oc- 
curred on the night of the 14th of November. 1837, 
the upper extremities of the streamers were of the deep- 
est scarlet, while below they were brilliantly white. But 
the richest tints appear in the arctic regions. In the 
auroras witnessed at Bossekop, the rays, at their base, 
glowed with a blood-red hue, the middle was of an em- 
erald green, and the rest of a pure transparent yellow. 
During a brilliant display that occurred at Fort Con- 
fidence, on the 5th of March, 1839, the rays were tinged 
with red, purple, and green. 

566. Corona or Crown. The vivid rays that dart 



What is said in regard to the streamers, their origin andicolor 1 
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forth from the luminous arch not unfrequently unite at 
a point near the zenith; forming a brilliant mass of 
light which is called the corona or crown. The aurora 
then appears in its greatest splendor ; the sky resembles 
a fiery dome, and over the streamers, which seem like 
pillars of variegated flame supporting the corona, radiant 
waves and flashes of light pass in quick succession. The 
luminous columns at this time are apparently shaken 
and wave with a tremulous motion ; whence they have 
received, under these circumstances, the name of merry 
dancers. 

At Bossekop, this radiant wave was seen by Lottin, 
crossing and re-crossing with rapid undulations the 
whole broad field of auroral light. These coruscations 
are genemlly attended with color. 

567. When, in the northern hemisphere, a needle is 
delicately balanced upon a horizontal axis, its north 
end immediately dips dowyiward upon its being magnet- 
ized. Such an instrument is called the dipping-needle. 
(C. 998.) The streamers of the aurora assume the same 
direction as the dipping-needle^ and are parallel to each 
other ; hence . the corona is not formed by any actual 
union of the streamers near the zenith. It arises from 
an optical illusion. When we look across an extensive 
field of corn, the rows, at their remote ends, seem to ap- 
proach each other, as if converging to a point ; though 
we know that they are three or four feet apart, tluough- 
out their whole distance. In like manner when we 
gaze at the auroral streamers with their bases at the 
horizon and their summits at the zenith, they will in like 
manner apparently converge to one point, forming the 
corona, whose centre is in the line of the dipping-needle. 

568. Within the dark segment streamers of the same 
color are frequently seen, rising and falling like columns 
of smoke, changing their hue in a moment, and possess- 
ing all the motions of the luminous rays. Like the 

Describe the corona. 

When does it appear? 

How is it formed 1 

What is observed within the dark segment 1 
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latter, their line of direction is parallel to tliat of the 
dipping-needle. 

569. Extent. The aurora is not a local appearance, 
for it is beheld simultaneously in places widely separa- 
ted from each other. Thus, on the 5th of January, 
1 769, the same aurora was seen in France and Pennsyl- 
vania ; and a magnificent display occurred on the 7th 
of January, 1831, which was visible at Lake Erie, and 
throughout northern and central Europe. Another 
aurora, that happened on the 3d of September, 1839, 
was seen at the Isle of Sky, 57° 22' N. Lat., at Paris, 
New Haven, and at New Orleans. 

570. The beautiful phenomenon of the northern light 
is not confined to the northern hemisphere. Aq aurora 
australis, or southern lights was observed by Don Ulloa, 
at Cape Horn, in 1745 ; and various displays were seen 
by Capt. Cook, in the high southern latitudes, at the 
same time that the northern lights were visible in Eu- 
rope. 

in the late Exploring Expedition, during the southern 
cruise of the Peacock and Flying Fish, several brilliant 
auroras were seen, which are thus recorded. On 
the 18th of March, 1839, there was " a beautiful display 
of the aurora australis^ extending from S. S. W. to the 
east ; the rays were of many colors, radiating towards 
the zenith and reaching an altitude of 30°. On the 
19lh, in about 68° S. Lat., another display was wit- 
nessed which exhibited a peculiar effect. In the south- 
ern quarter of the heavens there was the appearance of 
a dense cloudy resembling a shadow cast upon the sky, 
and forming an arch about 10° in altitude. Above this 
were seen coruscations of light, rendering all objects 
around the ship visible. From behind this cloud, diverg- 
ing rays frequently shot up to an altitude of from 25° to 
45^'. These appearances continued until the day 
dawned." 



What is said of the extent of the aurora 7 
Are auroras seen in the southern hemisphere 1 
VVIittt are they called 7 
Give instances. 



HEIGHT. 333 

571. Height. The height of the aurora has been 
variously estimated. The earlier philosophers computed 
Its altitude at several hundred miles ; but a much lower 
limit is assigned by later observers. An aurora which 
appeared in March, 1826, at different places in England, 
was calculated by Dr. Dalton to be 100 miles high. 
Observations for determining the elevation of the splen- 
did aurora of January 7th, 1831, were made by Christie 
and Hansteen, but their computed heights varied from 
23 miles to 120. 

In the brilliant display that happened on the 14th 
of November, 1837, the estimated altitudes were even 
more discrepant, varying from one to two hundred 
miles. 

A very distinct auroral arch was seen at various places 
throughout the Northern and Middle States, at about 
ten o'clock on the night of the 7th of April, 1847. 
From the observations taken by Mr. E. 0. Herrick, at 
New Haven, Ct., and Dr. P. W. Ellsworth, at Hartford, 
Ct., the height was computed by the former gdhtleman, 
and found to be one hundred and ten miles. These 
observations having been made under favorable circum- 
stances, and being accordant with each other, this re- 
sult is entitled to great confidence. 

The height of the northern lights is obtained in the 
way that has been already described ; but such is their 
fitful nature and varying form, that two distant observers 
can scarcely ever be sure that they have measured the 
angular heighl of the^eame part of the aurora. Hence 
arise these discordant calculations upon the same phe- 
nomenon. 

672. There is every reason for believing, that the 
auroral light is at times very near the earth, and even 
within the region of the clouds. 

During the polar expedition of Franklin, in 1820, ob- 
servations were taken by Hood and Richardson, upon 
three auroras, at stations eighteen leagues distant from 
each other, and the heights which they obtained, were 
found to vary from six to S€ve7i miles ; while an aurora^ 

Relate in full the calculations respecting the height of the northern lights. 
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beheld by Farquharson, of Scotland, was computed to be 
as low as 4300 feet. Franklin thus remarks : " The fact 
that the aurora exists at a less height than that of dense 
clouds, was evinced at Fort Enterprise, on two or three 
occcmo/i^, during the night of the 13th of February, 1821, 
and particularly about midnight, when a brilliant mass 
of lights variegated with the prismatic colors, passed 
between a uniformly steady, dense cloud and the earth. 
In its progress, that portion of the cloud which the 
stream of light covered was completely concealed until 
the coruscation had passed over it, when it appeared as 
before." 

673. A similar, but more extraordinary phenomenon, 
which occurred during his third Arctic voyage, is thus 
related by Capt. Parry, " While Lieutenants Sherer, 
Ross, and myself were admiring the extreme beauty of 
the northern lights, we all simultaneously uttered an 
exclamation of surprise, at seeing a bright ray of tlie 
aurora shoot suddenly downward from the general mass 
of light, and between us and the land, which was there 
distant only three thousand yards, I have no doubt, 
that the ray of light actually passed within that dis 
tance of us." 

574. Sounds attending the Aurora. It has 
been asserted^ that the aurora is sometimes accompanied 
by a noise like the rustling of silk, or the sound of a 
fire when excited by the wind ; but much difference of 
opinion has arisen upon this point. Those who are 
incredulous in this particular, affiim that the noise in 
question may be nothing more than the murmur of the 
ocean, or of the forest ; the rustling of the snow as it is 
driven by the wind, or the crackling sound that arises 
from its freezing ; all which, it is said, might be easily 
attributed to the aurora, when the mind is excited by 
the wondrous spectacle, and susceptible to every illusion 
— the splendors that burst upon the sight, and the sounds 
which strike the ear being then referred to the same 
origin. 

State the facts showing that the aurora is at times very near the earth. 
Give the facts respecting the sounds attending the aurora. 
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576/ Scoresby, Richardson, Franklin, Parry and Hood, 
during their Polar expeditions, never heard any sound 
which they considered as proceeding undeniably from 
the northern lights, though hissing noises were heard 
during the auroral displays which were attributed by 
them to one or more of the preceding causes. These 
observers do not, however, deny^ that at times audible 
sounds proceed from the aurora, and even express such 
a belief, founded upon the concurrent testimony of the 
natives of the arctic climes. 

676, Credible observers in Iceland, Siberia, and 
Scandinavia, have never heard these singular sounds ; 
nor were they perceived by the French scientific expe- 
dition, which wintered at Bossekop, in 1838-39 ^ but 
Hansteen claims to have established their existence from 
a series of observations in the high northern latitudes. 
Upon this subject, Simpson thus remarks in his North- 
ern Discoveries when speaking of a brilliant aurora seen 
by his attendant, at Fort Confidence, on the 6th of 
March, 1839, "The aurora seemed to ascend and de- 
scend, accompanied by an audible sound resembling the 
rustling of silk. This lasted about ten minuies^ when 
the whole phenomenon suddenly rose upwards, and its 
splendor was gone. Ritch is an intelligent and credible 
person, and on questioning him closely, he assured me 
that he had perfectly distinguished the sound of the 
aurora from that produced by the freezing of the breathy 
for the temperature was forty-four degrees below zero. 
I can therefore no longer entertain any doubt of a fact 
uniformly asserted by the natives, and insisted on by 
my friend Mr. Dease, and by many of the oldest resi- 
dents of the fur countries, though I have not had the 
good fortune to hear it myself." 

677. Time. The appearance of the northern lights 
is not confined to any particular hour of the night, a 
fact which is fully proved by the circumstance that the 
same display is frequently witnessed at places widely 
differing m longitude. Thus, if the aurora extends 



Does the aurora appear at any particular hour 7 



296 LUMINOUS PHENOMENA. 

Irom Boston, Mass., to Berlin, in Germany, and is be* 
held simultaneously at these cities, the difference in the 
reckoning of time will be nearly ^ve hours and a half 
(C. 939). 

578. There is much reason for believing that the aurora 
sometimes occurs during the cfay, though rendered invis- 
ible by the presence of the sun. Richardson perceived 
at Bear Lake, the motion of the aurora before the entire 
disappearance of twilight, and even during the day he 
discerned clotidsy arranged in columns and arches^ resem- 
bling those of the northern lights. Besides, as we shall 
show hereafter, a brilliant display of this phenomenon 
is always accompanied by a greater or less disturbance 
of the magnetiC'V^edle, (C. 997,) and as these disturb- 
ances take place in the day as well as in the night, it is 
reasonable to infer that they are caused by the presence 
of an invisible aurora. 

679. Preciuency. This phenomenon is more fre- 
quently seen in winter than in summer; we must not, 
nowever, hastily conclude from this circumstance, that 
the number of auroras during the former season is actu- 
ally greater, for the increased length of the nights du- 
ring the winter would enable us then to see more dis- 
plays of the northern light, even if the times of its occur- 
rence were equally distributed throughout the year. 
About the period of the equinoxes they also appear to be 
more frequent. These facts are shown from the follow- 
ing table of Eaemtz, which gives the number of auroras 
that have been seen in each month. 

KUMBVR OF AUBOBA BOREALES IN BACH MONTH. 

January, 229. July, 87. 

February, 307. August, 217. 

March, 440. September, 405. 

April, 312. October, 497. 

May, 184. November, 285. 

June, 65. December, 225. 



Why is it supposed sometimes to occur in the day 1 
What is said respecting the frequency of its appearance in winter and 
summer'? Redte the table. 
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680. In addition to this annual variation, there ap- 
pears to be another which extends through a consider- 
able number of yeai*s, but of which very little is known. 
Thus, from 1707 to 1752, the northern lights became 
more and more frequent ; but after the latter date, a 
period of twenty years occurred, in which they dimin- 
ished in number. 

An increase in their frequency began in 1820, and 
since that period many magnificent displays have been 
witnessed. 

The number observed for the last ten years, at New 
Haven, Ot, by Mr. E. 0. Herrick, is shown in the fol- 
lowing table. 

Prom May, 1838, to May, 1839, 

<( 
» 

» 
u 
« 

Between the 12th of September, 1838, and the 18th 
of April, 1839, no less than one hundred and forty-three 
distinct auroras were seen by the French observers at 
Bossekop. They were most frequent at the period 
when the sun was below the horizon, viz. : from the 
17th of November to the 25th of January. During this 
night of ten weeks, sixty-four auroras were visible. 

581. Disturbance op the Magnetic-Needle. 
During the prevalence of the aurora, the compcLss-needle, 
instead of remaining motionless^ in the magnetic meridi- 
an, is often much disturbed. Sometimes it is deflected 
toward the east several minutes and even degrees ; then 

Is there any other probable variation 1 

Recite the table. 

What ii said legpecting the disturbance of the compoM-needle') 



(( 


1839, 


(( 


1840, 


(( 


1841, 


« 


1842, 


u 


1843, 


u 


1844, 


u 


1845, 


u 


1846, 


(1 


1847, 



1839, 


Number of Auioru. 

35. 


1840, 


36. 


1841, 


36. 


1842, 


21. 


1843, 


7. 


1844, 


7. 


1845, 


12. 


1846, 


19. 


1847, 


20. 


1848, 


28. 
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it is agitated, and returns either slowly or rapidly, to 
the tncridian, which it ^passes at times and moves 
toward the west These deviations are as changeable 
as the phenomenon itself. When the arch is motionless 
the needle is quiet ; its disturbance commences when the 
streamers begin to play. 

682. Franklin observed at Fort Enterprise, that the 
disturbance of the needle was simultaneous with some 
change in the form^ or action of the northern lights, and 
that after being deflected ft returned to its former posi- 
tion very gradually, not resuming it before the follow- 
ing morning, and sometimes even not before noon. 
Moreover when the auroral arch was either at right 
angles to the meridian, or its western extremity north 
of west, the needle was deflected toward the west ; but 
if its western extremity was south of west, the needle 
moved toward the east. 

During the aurora of November 14th, 1837, the en 
tire range of the needle at New Haven, was observed by 
Messrs. Herrick and Haile to be nearly six degrees. It 
was not until the morning of the next day, between 
seven and nine o'clock, that the joeedle was at rest in 
its usual position. 

583. This effect upon the magnetic needle during the 
prevalence of the northern lights, was noticed for the 
first time by Celsius and Hiorter, at Upsal, on the 1st 
♦of March, 1741. 

584. It is asserted by Wilke, that when the aurora 
appears in great splendor, the position of the dipping- 
needle is as variable as that of the compass-needle ; the 
former rising and falling with the northern crown. 

Hansteen nas also observed, that the dipping-needle 
descends very much below its usual position before the 
aurora is visible ; but that after the display commences 
it begins to rise : and more rapidly in proportion to its 
brightness. The needle then slowly resumes 'its origi- 
nal position, which it frequently does not attain until 



How great was its range at New Haven, November 14th, 18371 
What has been observed respecting the dipping-needle 1 
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twenty-four hours have elapsed. From numerous ob- 
servations at Bossekop, M. Bravais has likewise obtained 
the same results. 

585. Cause. No satisfactory explanation has ever 
been given of this singular phenomenon : that a connec- 
tion exists between the aurora and the magnetism of 
the earth, is evident from the preceding facts ; but the 
nature of that connection is still unknown. 

To trace all the hypotheses which have been started 
would be an unprofitable task ; but a glance at some of 
the most prominent may be given. Canton supposes 
the aurora to be caused by the passage of electricity 
frora positive to 7iegaiive clouAs^ in the upper and rarefied 
regions of the atmosphere. He adduces in support of 
this view the fact, that when the air within a long, glass 
tube is rarefied, and electricity passed through it, the 
whole tube is illumined by Jlctshes of light traversing 
its entire length. It may, however, be stated in reply, 
that the general height of the northern lights far exceeds 
that of the highest clouds. 

586. Beccaria supposes, that there is a constant cir- 
culation of the electric fluid from north to south, and 
that the aurora is seen, whenever the electrical current 
passes nearer than usual to the earth, or the state of the 
atmosphere is such as to render it luminous, Faraday 
has demonstrated, that the electricity of the earth neces- 
sarily tends from the etfuator towards the poles ; and 
has suggested, that the aurora may possibly arise from 
an upward current in the atmosphere flowing back from 
the poles towards the equator. 

Kaemtz conjectures, that since a spark is perceived 
every time an electric current produced by a magnet is 
broken, the northern lights may perhaps be caused by a 
rupture in the magnetic equilibrium of the globe. At the 
same time, however, he utterly disclaims the idea of ac- 
counting for all the circumstances of this wonderful phe- 
nomenon, in our present imperfect state of knowledge. 



What is known of the origin of the northern lights 7 
State the hypotheses friven. 
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687. Utility. The light of the aurora, from its fre- 

Suency and splendor, serves materially to relieve the 
arkness and enliven the gloom of the long polar night 
During this period, its play is almost incessant (Art. 580,) 
and its coruscations exceedingly vivid and beautiful. 
So brilliant is the aurora in these regions, that Mau- 

fortius and others, who were sent to Lapland in 1735, 
y the Academy of Sciences of Paris, for the purpose of 
measuring an arc of the meridian, were enabled to pur- 
sue their difficult work by the light it afforded, long 
after the sun had ceased to be visible. And Maupertius 
remarks, that its light, together with that of the moon 
and stars, is sufficient^ during this season, for most of 
the occasions of life. 

What useful purpose does the aurora subserve in the polar regions 7 



THE END. 
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